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1. SUMMARY 

The Mars Sof t  Lander Capsule Study (Entry from Orb i t )  i s  one of several 

s t u d i e s  being conducted f o r  t h e  Langley Research Center t o  support  planning 

of Mars exp lo ra t ion  i n  t h e  1970's. 

capsule  weighing less than 1500 pounds can perform a s i g n i f i c a n t  s c i e n t i f i c  

mission d e s p i t e  t h e  p re sen t  u n c e r t a i n t y  of t h e  Martian environment. 

reduct ion  of 15% and compa t ib i l i t y  w i th  an e x i s t i n g  T i t a n  payload shroud can 

be  achieved i f  p re sen t  severe environmental  c o n s t r a i n t s  are somewhat modified. 

Such a capsule  would o b t a i n  atmospheric measurements dur ing  t h e  e n t r y  and 

descent  phases,  acqu i r e  f a c s i m i l e  images and measure t h e  composition of t h e  

su r face  a f t e r  landing ,  and repea ted ly  measure t h e  atmospheric temperature ,  

p ressure ,  and humidity and t h e  wind v e l o c i t y  dur ing  one d i u r n a l  cyc le .  

Engineering and s c i e n t i f i c  d a t a  would be re layed  t o  e a r t h  v i a  t h e  o r b i t e r .  

Surface mission du ra t ion  can be  extended t o  90 days o r  longer  f o r  an 8 t o  10% 

inc rease  i n  weight. 

Paramet r ic  s t u d i e s  have shown t h a t  a 

A weight 

m 

Differences  i n  capsule  c h a r a c t e r i s t i c s  caused by vary ing  l i f e t i m e  o r  
environmental  c o n s t r a i n t s  are exh ib i t ed  by four  conceptual  designs which have 

been prepared t o  supplement t h e  paramet r ic  s tud ie s .  

t hese  f o u r  ranges from 1200 pounds t o  1600 pounds as shown i n  Figure  1-1. 

Concept I is  t h e  minimum weight capsule .  It i s  designed f o r  a one day mission 

and modified environment c o n s t r a i n t s .  Concept I1 a l s o  accomplishes a one 

day mission, bu t  u t i l i z e s  t h e  more conserva t ive  nominal environment and f lex-  

i b i l i t y  c o n s t r a i n t s .  Concept I11 a l s o  uses  t h e  nominal c o n s t r a i n t s ,  but  has  

extended l i f e t i m e  capab i l i t y .  Extended l i f e t i m e  toge the r  wi th  modified con- 

s t r a i n t s  is  provided by Concept V. 

The es t imated  weight of 

The s o f t  l ande r  s tudy  is  an ex tens ion  of earlier s t u d i e s  of Mars explora- 

t i o n  capsules;  t h e  VOYAGER Capsule Phase B s tudy provided both d a t a  and method- 

ology f o r  t h i s  study. Emphasis dur ing  t h e  s o f t  l ande r  s tudy w a s  concent ra ted  

on those  a s p e c t s  p a r t i c u l a r l y  p e r t i n e n t  t o  t h e  s e l e c t i o n  of a capsule  concept 

f o r  t h e  1973 launch opportuni ty .  

s i g n i f i c a n t  p a r t  i n  t h i s  s e l e c t i o n ,  have been e s t a b l i s h e d  paramet r ica l ly .  

Cost t r ends ,  which are expected t o  play a 

1 



FIGURE 1-1 
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The range of capsules to be studied was limited by a minimum required 
mission at one extreme and by a maximum capsule diameter at the other. 
minimum mission consisted of entry and surface atmospheric measurements, 
post-landed imaging, soil composition measurements and transmission of ten 
million bits of data during a surface lifetime of at least one day. 
Maximum aeroshell diameter was limited to 178 inches to allow use of booster 

The 

payload shrouds which are no greater than 16 feet in diameter. A 10 foot 

payload shroud would eliminate the need for hammerheading; this criterion was 

used to size Concepts I and V as shown in Figure 1-1. 

The constraints which have guided most of the recent Mars capsule studies 

were used for the soft lander study; they are summarized in Table 1-1. The 

VOYAGER Environmental Predictions Document (SE003BB001-1B28), October 26, 1966, 
and the 1973 VOYAGER Capsule Constraints and Requirements Document 
(SE002BB002-2A21), Revision 2, June 12, 1967, were used to establish nominal 
environments; parametric evaluation of the effects of the environment defini- 

tion on capsule design and operation was a part of the study. 

3 
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1.1 Capsule Operat ion 

The capsule  mission starts wi th  boos t  into Ear th  o r b i t ;  i t  cont inues  wi th  

a several month t r a n s i t  t o  Mars and then  i n s e r t i o n  i n t o  a Mars o r b i t  as shown 

i n  F igure  1.1-1. For t h e  1973 oppor tuni ty ,  t h e  launch w i l l  occur  i n  t h e  mid- 

summer and arrival w i l l  occur  i n  t h e  e a r l y  s p r i n g  of 1974. 

d a t e s  and t r ans i t  t i m e s  are shown i n  F igure  1.1-2. 

Poss ib l e  launch 

Af te r  ach iev ing  t h e  Mars o r b i t ,  t h e  capsule  sepa ra t e s  from t h e  o r b i t e r ,  

performs a propuls ive  d e o r b i t  maneuver, descends, and e n t e r s  t h e  atmosphere. 

Approximately 92% of t h e  e n t r y  v e l o c i t y  i s  d i s s i p a t e d  due t o  atmospheric drag  

on t h e  ae roshe l l .  A s  i l l u s t r a t e d  i n  F igure  1.1-3, a parachute  i s  used t o  
.a provide f u r t h e r  d e c e l e r a t i o n  and a e r o s h e l l  s e p a r a t i o n  p r i o r  t o  i g n i t i o n  of 

t h e  te rmina l  propuls ion  system; however, some candida te  concepts inc lude  o t h e r  

a u x i l i a r y  aerodynamic d e c e l e r a t o r s  o r  do not  r e q u i r e  one. The te rmina l  pro- 

pu l s ion  system d e c e l e r a t e s  t h e  capsule  a t  low a l t i t u d e .  

f a l l s  t o  t h e  su r face ,  absorbing t h e  landing shock loads  i n  a crushable  impact 

a t t e n u a t o r .  LEIF t ransmiss ion  of e n t r y  sc i ence  and engineer ing d a t a  occurs  

throughout t h e  descent ,  e n t r y ,  and landing  phases;  s t o r a g e  and delayed 

t ransmission of d a t a  i s  used t o  e l i m i n a t e  l o s s  of information due t o  e n t r y  

commun ica t ions  'I b 1 ac kou t I' . 

The lander  then  f ree-  

After landing ,  t h e  f a c s i m i l e  camera and atmospheric experiments are i n i -  

Carefu l  s e l e c t i o n  t i a t e d  immediately and d a t a  is  t r ansmi t t ed  t o  t h e  o r b i t e r .  

of descent  t r a j e c t o r y  w i l l  provide s e v e r a l  minutes of post-landing t ransmiss ion  

capab i l i t y .  Operation of t h e  s o i l  composition instrument ,  an a lpha  spectro-  

meter, w i l l  be  i n i t i a t e d ,  bu t  s e v e r a l  hours  are requi red  t o  ob ta in  u s e f u l  d a t a  

and t h i s  w i l l  prevent  f i r s t  day d a t a  t ransmission.  

dur ing  t h e  Martian n i g h t  by i so topes  o r  e lectr ical  hea te r s .  

The capsule  is  heated 

Relay communication on t h e  fol lowing day(s)  occurs  when t h e  o r b i t e r  is n e a r  

per iapse .  For long l i f e t i m e  landed missions,  t h e  a v a i l a b i l i t y  of t h e  o r b i t e r  

f o r  communications r e l a y  cannot be r e a d i l y  assured;  S-band t ransmiss ion  d i r e c t  

t o  Ear th  and a command l i n k  w i l l  probably be requi red .  

f o r  s o f t  l ande r s  is  p r imar i ly  a func t ion  of t h e  type  of power se l ec t ed .  

Sur face  mission du ra t ion  

5 
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1.2 Capsule Design 

The capsule  c o n s i s t s  of t h e  s u r f a c e  payload and t h e  systems which are 

necessary  t o  d e l i v e r  t h e  payload t o  t h e  Martian sur face .  

c o n s i s t s  of t h e  s u r f a c e  s c i e n c e  complement, t h e  communications equipment, power 

supply,  thermal c o n t r o l ,  sequencer,  and s t r u c t u r e ,  w i r ing  , and o t h e r  equipment 

used t o  suppor t  t h e  mission ope ra t ion  after l and ing-on  t h e  Martian sur face .  

The capsule  terminology used i n  t h e  r e p o r t  i s  presented  i n  F igure  1.2-1. 

The s u r f a c e  payload 

1.2.1 DELIVERY SYSTEMS - The capsule  c h a r a c t e r i s t i c s  are governed by 

The e n t r y  body b a l l i s t i c  parameter (m/CDA) several fundamental dec is ions .  

must be s m a l l  enough t o  provide  s u f f i c i e n t  d e c e l e r a t i o n  t o  a l low ope ra t ion  of 

a u x i l i a r y  aerodynamic dece le ra to r s .  

atmospheric descent  times, decreas ing  t h e  t i m e  a v a i l a b l e  f o r  post-landed 

capsule- to-orbi ter  communications and inc reas ing  t h e  t o t a l  e n t r y  heat ing.  

Furthermore, s m a l l  m/C A va lues  are a t t a i n e d  by us ing  l a r g e  a e r o s h e l l  diameters ,  

which may be incompatible  wi th  boos te r  imposed l i m i t a t i o n s  on t h e  capsule  

dynamic envelope. The type  of aerodynamic d e c e l e r a t o r ,  i f  any, i s  r e l a t e d  t o  

t h e  b a l l i s t i c  parameter;  conserva t ive  d e c e l e r a t o r s  demand lower b a l l i s t i c  para- 

meters. The s e l e c t i o n  of monopropellant (s impler)  o r  b i p r o p e l l a n t  ( l i g h t e r )  

t e rmina l  p r o p e l l a n t  systems in f luences  t h e  s i z e  and c o s t  of t h e  capsule .  

Small m/CDA's ,  however, provide longer  
6 

D 

Bal l i s t ic  parameters of about .25 s lugs / sq  f t  are s u i t a b l e  f o r  u se  wi th  

parachutes  deployed a t  an a l t i t u d e  of 23 000 f e e t .  This  va lue  can be increased  

by deploying t h e  parachute  a t  a lower a l t i t u d e ,  bu t  t h i s  r e q u i r e s  l a r g e r  para- 

chutes  t o  accomplish t h e  d e s i r e d  d e c e l e r a t i o n  and r e s u l t s  i n  a s m a l l  i n c r e a s e  i n  

capsule  cos t .  

i n c r e a s e  may warrant  t h i s  a d d i t i o n a l  cos t .  

a l t i t u d e  from 23 000 f e e t  t o  14 000 f e e t  would permit  an  i n c r e a s e  of m/C A t o  

.35 s lugs / sq  f t  and a 20% reduct ion  i n  a e r o s h e l l  diameter ,  as shown in  

Figure 1.2-2. However, a d d i t i o n a l  parachute  c o s t s  o f f s e t  t h e  e f f e c t  of reduced 

a e r o s h e l l  and c a n i s t e r  s t r u c t u r e  cos ts .  

The reduct ion  i n  a e r o s h e l l  diameter  which would accompany t h i s  

A reduct ion  of parachute  deployment 

D 

Use of an aerodynamic i n f l a t a b l e  d e c e l e r a t o r  system (AIDS) r a t h e r  than a 

parachute  would al low an i n c r e a s e  i n  b a l l i s t i c  parameter t o  .40 s lugs / sq  f t  

9 
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and a reduct ion  of a e r o s h e l l  diameter  from 11.4 f e e t  t o  about 9 f e e t  f o r  a 

capsule  wi th  a 210 pound s u r f a c e  payload; see Figure  1.2-3. 

would r e q u i r e  more development and b e  more c o s t l y  than  a parachute  f o r  t h e  

same lander ,  t h e  a e r o s h e l l  and s ter i le  c a n i s t e r  s i z e  and c o s t  would b e  s i g n i f i -  

c a n t l y  reduced. 

Although t h e  AIDS 

Bip rope l l an t  te rmina l  propuls ion  systems l e a d  t o  l i g h t e r  t o t a l  capsules  

than monopropellant systems, b u t  t h e  c o s t  of capsules  us ing  monopropellant 

te rmina l  propuls ion  systems i s  less. For capsules  weighing more than  3000 l b ,  

t h e  requi red  development of a t h r o t t l e a b l e  monopropellant engine wi th  t h r u s t  

of more than  1000 l b  t h r u s t  p re sen t s  s u f f i c i e n t  development r i s k  t o  o f f s e t  t h i s  

f a c t o r  and suppor ts  s e l e c t i o n  of b i p r o p e l l a n t  systems. 

1.2.2 SURFACE PAYLOAD - Within t h e  s u r f a c e  payload, t h e  paramount con- 
* 

s i d e r a t i o n s  are t h e  sc i ence  payload, d a t a  t ransmiss ion  mode, and s u r f a c e  

mission dura t ion .  The choice  of power system is c l o s e l y  r e l a t e d  t o  t h e  mission 

du ra t ion  and t o  t h e  choice  of re lay-v ia-orb i te r  (VHF) o r  d i rec t - to-Ear th  

(S-band) t ransmiss ion  mode. 

Communications by o r b i t e r  r e l a y  permi ts  use  of a l i g h t e r  capsule  than  

does t ransmiss ion  d i r e c t  t o  Earth,  p r imar i ly  because of increased  power 

requirements f o r  long range t ransmission.  

s t e e r a b l e  antenna would be requi red .  For the  r e l a y  mode, t h e  capsule  weight 

and c o s t  i s  r e l a t i v e l y  i n s e n s i t i v e  t o  d a t a  rate f o r  rates below l o 7  b i t s  p e r  

day. A t  h igher  rates, more complex d a t a  s t o r a g e  and t ransmiss ion  equipment is  

requi red  and weight i nc reases  r a p i d l y  as d a t a  rate inc reases ,  as shown i n  

Figure 1.2-4. The r e l a y  mode, however, r e q u i r e s  t h a t  t h e  o r b i t e r  be a v a i l a b l e  

f o r  r e l ay .  For long du ra t ion  missions,  th is  imposes c o n s t r a i n t s  on t h e  o r b i t e r  

mission and makes capsule  performance dependent on o r b i t e r  r e l i a b i l i t y  and 

o r b i t  p r e d i c t a b i l i t y .  Both of t h e s e  f a c t o r s  tend t o  counter  t h e  weight and 

c o s t  advantages of t h e  r e l a y  mode. A s u i t a b l e  compromise is  t o  use  t h e  r e l a y  

mode during t h e  earlier days of t h e  long du ra t ion  mission when high q u a n t i t i e s  

of d a t a  w i l l  be  produced by t h e  f a c s i m i l e  camera, and t o  t r ansmi t  o t h e r  d a t a  

via a low rate S-band during t h e  remainder of t h e  mission. Long dura t ion  

For high rate S-band systems a 

missions w i l l  probably r e q u i r e  u s e  of a command l i n k  t o  provide s u i t a b l e  f l ex -  

i b i l i t y  on s u r f a c e  mission opera t ions .  The c h a r a c t e r i s t i c s  of t h e  s u r f a c e  

12 
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sc i ence  complement and t h e  a s soc ia t ed  d a t a  rates s i z e  t h e  s u r f a c e  payload and 

t h e r e f o r e  t h e  t o t a l  capsule.  

Batteries are t h e  most economical power supply f o r  s u r f a c e  missions of a 

few days dura t ion .  

provided. 

s u i t a b l e  candidates .  

requirements,  t h e  s o l a r  cells have received emphasis i n  t h i s  study. 

they provide power f o r  long per iods ,  they are s u b j e c t  t o  degradat ion because 

of sand and dus t  d e p o s i t s  and cloud coverage, and t h e i r  output  is dependent 

on o r i e n t a t i o n  and d i s t a n c e  t o  t h e  sun. As shown i n  Figure 1.2-5, approximately 

20 square f e e t  of s o l a r  pane ls  are requi red  f o r  capsules  wi th  r e l a y  communica- 

t i ons .  

lander .  

For longer  missions,  a r egene ra t ive  power supply must be 

Both s o l a r  cells and r ad io i so tope  the rmoe lec t r i c  gene ra to r s  are 

Because of t h e  r e l a t i v e  development s t a t u s  and l ead  t i m e  

Although 

This  is  small enough t o  a l low f ixed  mounting on t h e  su r face  of t h e  
e 

15 



4 
M a 

16 



1.3 Capsule S i z e  and Weight 

Capsule s i z e  and weight depend on t h e  s u r f a c e  payload and t h e  systems 

used f o r  d e l i v e r i n g  t h e  s u r f a c e  payload. Both s i z e  ( a e r o s h e l l  diameter  is  a 

convenient measure of capsule  s i z e )  and weight i n c r e a s e  wi th  s u r f a c e  payload 

weight. However, t h e r e  is some f l e x i b i l i t y  f o r  s e l e c t i n g  capsule  weight and 

s i z e  f o r  a given s u r f a c e  payload, as shown i n  F igure  1.3-1. 

allowed i n  making such a t r a d e  is  l i m i t e d  by c o n s t r a i n t s  such as t h e  maximum 

a e r o s h e l l  diameter  and minimum m/C A, as shown i n  F igure  1.3-1. Di f fe rences  

i n  d e l i v e r y  systems s e l e c t i o n s  vary  t h e  r e l a t i o n s h i p  of capsule  and s u r f a c e  

payload weight as shown i n  F igure  1.3-2 f o r  a class of capsules  wi th  f i x e d  

b a l l i s t i c  parameters compatible wi th  us ing  parachutes .  A rough approximation 

The l a t i t u d e  

D 

6- t o  t h e  capsule  weight can be  obta ined  by no t ing  t h a t  t h e  capsule  weights  pre- 

sen ted  i n  Figure 1.3-2 are between 2.0 and 2.3 t i m e s  t h e  s u r f a c e  payload weight 

p lus  a weight of 1000 lb .  More p r e c i s e  va lues  f o r  t h e s e  and o t h e r  weight 

growth t r a d e  f a c t o r s  are presented  i n  Table  1.3-1 f o r  systems t h a t  s a t i s f y  t h e  

s tudy  c o n s t r a i n t s .  Aeroshe l l  diameter  t r ends  are presented  i n  F igure  1.3-3. 

Sur face  payload weight f o r  t h e  minimum mission i s  between 200 and 325 l b  

depending on t h e  type of support  systems s e l e c t e d .  For long du ra t ion  missions 

using s o l a r  cel ls  and r e l a y  communications, t h e  s u r f a c e  payload weight i s  in- 

creased from s l i g h t l y  more than 200 l b  t o  s l i g h t l y  more than 300 lb .  

17 
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GROUP 
ID EN T I  FIC AT ION 

A 

B 

C 

D 

E 

F 

TABLE 1.3-1 

CAPSULE WEIGHT RELATIONSHIPS 

I PROPULSION SYSTEMS - 
AERODECELERATOR SYSTEM ENVIRONMENT 

COMBINATIONS 

PARACHUTE 
MONOPROPELLANT TPS 

PARACHUTE 
BlPROPELLANT TPS I 
SOLID PROPELLANT DEORBIT 1 NOMINAL 
AIDS 
~ O N O P ~ O P E L L ~ N T  TPS 

I 

SOLID PROPELLANT DEORBIT NOMINAL 
AIDS 
BIPROPELLANT I 
SOLID PROPELLANT DEORBIT I MODIFIED 

I PARACHUTE 

NQTES: SP - SURFACE PAY LOAD 
L -LANDER 
D L  - DECELERATOR LOAD 
E - ENTRY WEIGHT 
C -CAPSULE 

20 

IEIGHT EXCHANGE EQUATIONS 

R, = 980 + 2.19 Wsp 
WL = 528 + 1.40 wsp 
WD.L. = -5 + 1.05 WL 
WE = 70 i 1.22 WD.L. 

DAIS =5.54 + .00467 WE 
WC = 80 1-22 WE 

H, = 1015 + 2.27 Wsp 

H, = 973 + 2.07 Wsp 

H, = 1015 + 2.11 Wsp 

HE = 1000 + 2.16 Wsp 
WL = 540 + 1.45 Wsp 
WDL = -8 t 1.12 WL 
WE = 80 + 1.16 WD.L. 
Wc = 110 + 1.17 WE 
DAIS ss 5.85 + .00315 WE 

W, = 977 + 2.07 Wsp 

w, = a75 + 1.90 wsp 



FIGURE 1.3-3 
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1.4  Capsule Systems 

Paramet r ic  s t u d i e s  of t h e  des ign  and performance of the capsule  systems 

were performed as t h e  b a s i s  f o r  s tudy  of t h e  s o f t  l a n d e r  capsule .  

which permit  development f o r  t h e  1973 launch oppor tuni ty  w e r e  considered. 

development s t a t u s  of major components is i n d i c a t e d  i n  Table 1.4-1. 
o rde r  t o  meet t h e  1973 launch schedule ,  e a r l y  a t t e n t i o n  should be d i r e c t e d  t o  

t h e  development of technology i n  t h e  areas of s t e r i l i z a b l e  b a t t e r i e s  and 

s t e r i z a b l e  s o l i d  p r o p e l l a n t  rocke ts .  The t h r o t t l e a b l e  l i q u i d  propuls ion  

system r e q u i r e s  t h e  longes t  l e a d  t i m e  of t h e  capsule  systems. 

Systems 

The 

I n  

1.4.1 SCIENCE - The c h a r a c t e r i s t i c s  of t h e  s c i e n c e  payload which w i l l  

measure e n t r y  and s u r f a c e  atmospheric parameters ,  s o i l  composition, and pro- 

v ide  images of t h e  s u r f a c e  a f t e r  landing are presented  i n  Table 1.4-2. 

c o n t r o l  w i l l  b e  r equ i r ed  f o r  t h e  f a c s i m i l e  camera because t h e  low l i g h t  

l e v e l s  a v a i l a b l e  on t h e  Mart ian s u r f a c e  w i l l  r e q u i r e  l a r g e  l e n s  diameters .  

Focus 
c 

The use of a count ing system wi th  t h e  a lpha  spectrometer  w i l l  minimize t h e  

quan t i ty  of d a t a  t o  b e  t r ansmi t t ed ;  t h e  development of: a new r a d i o a c t i v e  

source  technique w i l l  be  r equ i r ed  f o r  t h e  one day missions t o  keep t h e  d a t a  

a c q u i s i t i o n  t i m e  s u f f i c i e n t l y  s h o r t .  No s e r i o u s  d i f f i c u l t i e s  are a n t i c i p a t e d  

i n  developing t h e  ins t ruments  f o r  t h e  1973 mission.  

1.4.2 COMMUNICATIONS - Science and engineer ing  d a t a  w i l l  be  t r ansmi t t ed  

by a UHF system t o  t h e  o r b i t e r  f o r  r e l a y  t o  Ear th  during t h e  descent  and a f t e r  

landing.  Antenna p a t t e r n s ,  capsule-orb i te r  geometry, and r e f l e c t e d - s i g n a l  in- 

t e r f e r e n c e  are primary i n p u t s  t o  a n a l y s i s  of t h e  descent  communications requi re -  

ments. Landed r e l a y  communication is  inf luenced  by o r b i t e r  c h a r a c t e r i s t i c s  and 

t h e  d a t a  rate requirements.  

landing communication modes is  compared i n  Figure 1.4-1. For extended missions 

t h e  r e l a y  w i l l  be  supplemented by two-way, S-band, d i rec t - to-Ear th  communi- 

cat ions. 

Transmi t te r  energy requi red  f o r  al ternative post-  

1.4.3 POWER - Primary s i l v e r - z i n c  b a t t e r i e s  w i l l  supply t h e  electrical 

energy requirement f o r  s u r f a c e  missions of a few days dura t ion .  

s i l v e r - z i n c  b a t t e r i e s  w i l l  b e  r equ i r ed  i n  conjunct ion 

power source ,  such as a s o l a r  ce l l  a r r a y  o r  a r ad io i so tope  the rmoe lec t r i c  

genera tor  (RTG), f o r  longer  missions.  S t e r i l i z a t i o n  of t h e s e  b a t t e r i e s  is a 

Secondary 

wi th  a r egene ra t ive  
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TABLE 1.4-1 
SOFT LANDER SYSTEMS - DEVELOPMENT STATUS 

YSTEM 

MAJOR ASSEMBLY 
MINOR ASSEMBLY 

- 
C)IWCE 
FACSIMILIE CAMERA (LOW RESOLUTIDIO 
FACSIMILIE CAMERA (NIGH RESOLUTION1 

PRESSURE TRANSOUCER (LANDED) 
TEMPERATURE TRANSDUCER (LANDED) 
WINO SENSOR (LANDED) 
HUMIDITY S@NSOR (LANDED) 
ALPHA SPECTROMETER 
MASS SPECTROMETER (ENTRY) 
MOISTURE SENSOR (ENTRY) 
TEMPERATURE SENSOR (ENTRY) 
ATMOSPHERE PRESSURE (ENTRY) 
PRESSURE SENSOR (AERDSNELL NOSE) 
TRI-AXIS ACCELEROMETER 

~M(MUNICAT1ONS 
I ANTENNA SYSTEM 

ORBITER UHF ANTENNA 
CAPSULE UHF ANTENNA 
CAPSULE S.BAND ANTENNA 

ORBITER UHF RECEIVER 

CAPSULE ENTRY TRANSMITTER 

RADIO SYSTEM 

CAPSULE R E L A I  TRMSMITTER 
CAPSULE SIIAND TRANSMITTER 

I TELEMETRY SYSTEM 
ORBITER C W U T A T O R  
CAPSULECOMMUTATOR 

CAPSULE YCMAL PROCESSOR 

ORBITER DICODEI) 
t C W M D  SYSTEM 

. - - - - - - 
CAPSULE RECEIVER DECODER 

ORIITER TAPE RECORDER 
CAPSULE CORE STACK 

I STORAGE SYSTEM 

'OIER 
B SILVER-ZINC BATTERY 

I BATTERY CHARGER 
,CONVERT - REGULATOR 

B SOLAR CELL ARRAY 
POWER SWITCHING.'LffilC UNll 

iUIDARCE 6 CONTROL 
I I N E R t l N  MEASUREMENT UNIT 

GYROS 

ACCELEROMETER 
C W W Y E R  

8 LWME RAOM 

iEPUEWCER 
s CAPSULE WWWCER/TEST PROGRM(UER 

I SURFACE SEQUENCER 6 TIMER 

r m w a  WTROL 
*ChPSULE VNERMAL CONTROL 

MULTILAY ER I M W L A T I W  

ELECTRIC NEATERI 
THtiRMOSTATS 
EWIPMEHT INWLAYIDM 
SPMP STABLE COATINGS 

L M D E R  THERMAL CWTROL 
INSULATIUN SYSTEM 
JSOTDPE HEATERS 

NEATER DKPLO'IMB(T ASSWBLIES 
CLCCTRIC M U T E R $  
TIIEl l lOITATS 
NEAT SINK UATEUlAL 
PACKAGEO?NASECNANGEMATERIAL 
OTACE/MARS 5 T M L I  COATINGS 

DEVELOPMENT STATUS 

EQUIVALfNT 
HAROWARE 

SIMILAR HOW QUALIFIED 
NONE DEVELOPED 

SIMILAR HDW FLOWH 

SIMILAR NOW IN OEVELOP- 
MENT 

SIMILAR NDW FLDWW 

IN DEVELOPMENT 

SlMlLAR HDW FLOWN 

SIMILAR ANTENNAS FLOWN 01 
SEVERAL PROGRAMS 

PARTIALLY OPVELOPEO BY 
PHILCO FOR VOYAGER 

SEVERAL SIMILAR 
TRANSMITTERS FLOWN 

SOME WORK BY JPL li 
PNlLCO FOR VOYAGER 

SEVERAL FLOWN 

SEVERAL FLOWN 

SEVERAL FLOWN 

IN DEVELOPMENT AT 
DOUGLASASTROPOWER FOR 
NASA-LEWIS 

SEVERAL SIMILAR FLOWN 

DEVELOPED BY HONEYWELL 
UHDER JPL CONTRACT 

CHOSEN ACCELEROMETER 
SIMILAR MAGNETIC CORES 
F L O W  
W LANDING RADAR 

IWIIILAR NDW P L O W  

SIMILAR HOW F L O W  

SIMILAR HOW PUALIF4LD 

SIMILAR EWIPMEHT PLOWH 
ON SEVERAL PROGRAMS 

SIMILAR HDW F L O W  
SIMILAR HDW WALIFIEO 

SIMILAR HDW R I A L l f l L D  

SIMILAR NDW PLOW4 

SIMILAR NOW QUALIFIED 

PROPOSED 
SOFT L M O E R  

HARDWARE 

PROTOTYPE AVAILABLE 
NO WORK TO BEGIN BEFORE 
PHASE C RFP 
STERILIZAIILE NDW AVAIL- 
ABLE 

SEVERAL BREADBOARD 
MODELS IN WORK 

STERILIZABLE HDW AVAIL- 

NO WORK WILL BEGIN PRIOR 
TO PHASE C RFP 

} ABLE 

PROTOTYPE AVAILABLE BY 
LATE 19b9 

NO WORK TO BEGIN PRIOR TC 
PHASE C RFP 

WJNEYWELL GYROS APPLI- 
CABLE 

HASALREAOY FLOWN 
NO WORK BEFORE PHASE C 
RPC 

y 1 ( W M  ~ C A T l W S  
TO LM L W D M G  RADAR 

S I 5  CXISTWQ PULSE 
ALTI I IETW T K H M I W I S  

NO WORK TO BEGIN PRIOR 
TO PHASE C RFP 

STERILIZABLE INSULATION I 
NOW AVAILABLE 
NO WORK WILL BEGIN PRIOR 
TOPNASECRFP 

COATINGS ARC AVAILABLE 

PRODUCTION HEATER AVAIL 
ABLE 

STCRILIZAIILE ~ R O W C T l W  
MATERIAL AVAILABLE 

COATIWS M E  AVAILABLE 

REMARKS 

IOME ANALYSIS BEING DONE AT PNlLCO 

DATACWVERTER MUST B E  OEVELOPEO 

SENSING ELEMENTS ARE MOST CRITICAL 
SERVO LOOP IS PROBABLY CRITICAL 

REQUIREMENTS FOR LOW LOSS b LOU WEIGHT 
MAKE OIPLEXERS CIRCULATORS MOST 
CRITICAL ANTENNA DEVELOPMENT ITEMS 

RECEIVER NOISE FIGURE I S  CRITICAL BIT 
SYNCHRWIZERS ARE NEW DEVELOPMENT. 
UNF TRANSMITTER FINAL STAGE POWER 
ARE CRITICAL BECAUSE OF LOW WEIGHT 
REQUIRED 

MFSK GENERATOR I S  NEW DEVELOPYENT 
ITEM 

PROGRAMMABLE MEMORY (5 A PROVEN 
CONCEPT ONLY 

RECEIVER NOISE FIGURE WILL BE CRITICAL 

MEMORY STACK INTERCONNECTIONS ARE 
CRITICAL 

CHEMICAL SYSTEM SENSITIVE TO STERILIZATION 

NO CRITICAL DEVELOPMENT I S  FORECAST 

EXISTINGHARDWARE MAY BE MODIFIED 

STERILILATIDM. P L W E  DAMAGE AN0 
ALTERNATE AMTEWIA CDHFIWRATION 
ARE PRODLEU. 

HORMAL DEVELDPMINT 
M D  TESTS REQUIRLD 

SIMILAR UNITS HAVE B E t N  STERILIZED 

LONG TIME I S  REWIRED FOR DEVELOPMENT 
TESTS 

LONG TIME I5 REWIRED FOR DEVELOPMENT 
TESTS 
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TABLE 1.4-1 
SOFT LANDER SYSTEMS - DEVELOPMENT STATUS (Continued) 

SySTell 
.MUOR ASSEMBLY 

MINOR ASSEMBLY 

PROWLSION 
e OEORWT ROCUET 

PROPELLANT GRAIN 

CASE 

l R 1 Y L A T W  WTLRWALI  

HOZZLE ASSEMBLY 

IGNITER . ATTITUDE CONTROL (COLD GAS) 
PRESSURANT TANK 

REGULATOR 

VALVES 

THRUSTERS 

.TERMINAL PROPULSIOM (MONO) 
PRESYIRANT TANK 

PROPELLANT TANK 
VALVES 
ENGINE ASSEMBLY 

AUXILLIARY AEROJJECELERATOR 

.CATAPULT ASSEMBLY 
CATAPULT 
ChNISTER 
OEPLOYMEHTBAG 

REEFING LINE CUTTER 

PARACHUTE 

AEROSHELL 
.STRUCTURE 

NOSE SECTION 
CONICAL SECTION 

NOSE SECTION 
.HEAT SHIELD 

COMICAL SECTION 

AFT THERMAL CURTAIN 

C U T W T  ASSEMBLIES (WINOMIS) 
SIPARATION SYSTEM 

LANDING SY STEM . OEORBITMOTOR PARACHUTE SUPPORT . m L A R  PANEL SUPPORT ASSEMBLY 
ASSEMRLY 

SURFACE PAYLOAD STRUCTURE ASSEMBLY 

E W I P M W T  MODULE ASSEMILY 

.DEPLOYMENT MKNANISMS 

ATMOSPHERIC SENSORS 
FACSIMILE CAMERA 
UHFANTINNA 
ALPNA-SPECTROMETER 

e BASE PLATFORM 
LANDING FOOTPAD 
PYROTECHNIC BOLT CUTTER ON 
STAIIILIZING LESS 

.ATTENUATOR RING 

TENSION CABLE ASSWBLY 

CWlSTER 6 ADAPTER 
*STRUCTURE 

FWO 6 AFT CANI$PER ASSEMBLY 
TRUSS ASSEMBLY 

SEPARATION SYSTEM CANISTER 

ADAPTER LANDER 

e PRESSURIZATION 6 VENTING SYSTEM 
V W T  VALVES 
R ELI E f  VALVES 
PURGE 6 EVACUATION VALVES 
FILTERS 
DIFFERENTIAL PRESSURE SWITCH 

DEVELOP 

EQUIVALENT 
HAROWARE 

LIMILAR HOW IN DEVELOP. 
1ENT 
LIMILAR NOW FLOWN 

(0 SIMILAR HOW 

M L A R  HOW FLOWN 

iIMILAR HOW IN DEVELOP. 
OENT 

nIMILAR HOW FLOWN 

IIMILAR HOW FLOWN 

M I L A R  HOW IN DEVELOP. 
lENT 

SIMILAR HOW FLOWN 

40 SIMIL&R HOW DEVELOPED 

LIMILAR HOW FLOWN 

M I L A R  MOW IN DEVELOP. 
lENT 

IIMILAR HOW FLOWN 
M I L A R  HOW FLOWN 

M I L A R  HOW QUALIFIEO 

SIMILAR HOW FLOWN 

ilMILAR HOW FLOWN 

ilMILAR HOW FLOWN 

LlMlLAR HOW FLOWN 

SIMILAR EQUIPMENT FLOWN 
JH SEVERAL PROGRhMS 

W I L A R  MOW F L O W  

IIMILAR HOW FLOWN . 
SIMILAR HOW ISKIN CUTTING) 
H WAL TESTS ON MOL 
SIMILAR HOW FLOWN 

SIMILAR HOW FLOWN 

NO SIMILAR HOW DEVELOPED 
SIMILAR HOW FLOWN 

T STATUS 

PROPOSED 
SOFT LANDER 

HARDWARE 

PROTOTYPE BEING OE- 
VELOPWJ 
STERILIZABLE HOW AVAIL. 
ABLE 
NO WORKBEFORE PHASEC 

STERILIZABLE HOW AVAIL. 
ABLE 
PRODUCTION HOW AVAIL. 
ABLE 
PROTOTYPE IN DEVELOP. 
MENT 
PRODUCTION HOW AVAIL. 
ABLE 

STERILIZABLE HOW AVAIL- 
ABLE 
NO WORK BEFORE PHASE C 
PROTOTYPE IN WORK 
PRODUCTION HOW AVAIL 
ABLE BY PHASE C 

HO WORK TO BEGIN PRIOR 
TO PHASE C RFP 

HO WORK TO BEGIN PRIOR 
TO PHASE C RFP 

NO WORK TO IEGIN PRIOR 
TO PHASE C RFP 

NO WORK TO BEGIN PRIOR 
TO PHASE C RFP 

POSSIBLE USE OF OFF 
SHELF BOLTS 

, NO WORK TO BEGlH PRIOR 
TO PHASE C RFP 

REMARKS 

CURRENT INSULATION SYSTEMS ARE INADE. 
OUATE FOR STERILIZABLE SYSTEMS 

MORE WORK I S  REOUIREO ON PROPELLANT 
MATERIAL COMPATIBILITY 300 LB FIXED THRUST 
ENGINE I S  IN DEVELOPMENT AND I O  I THROTTLE 
ABLE. IO00 L B  PROTOTYPE ENGINE I S T O  BE 
FUNDED POTEHTIhL PROBLEMS IHCLUDE MEAT 
SOAK BACK AH0 CHUGGING INSTABILITY 

INTERNAL COMPhRTMENTATIOH LACING REQUIRE 
DEVELOPMENT 

ADDITIONAL TESTING BY NASA UNDERWAY 

HFC DEVELOPMENT TESTS AN0 NOM DESCTRUCTII 
ROHO TESTING ARE PEOUIPED - . . . . . _ _  . . . 
MOC S-20T WITH HONEYCWB REOUIRES DEVELOP 
MENT TESTING WITH SELECTED STRUCTURE 
COATEOSILICACLOTHUUSTBE DEVELOPED FOR 
SPECIFIC ENTRY ENVIRONMENT 

SEPARATION ASSEMBLY - EXPLOSIVE BOLTS 
TESTING REQUIRED 

EQUIPMENT COLD PLATE WITH PHASE CHANGE 
MATERIAL ISMOST CRITICAL DEVELOPMEHT 
ITEM HEAT SHORTS THRU INSULATIOH SUPPORT 
STRUCTURE MUST BE MINIMIZED. 
INSULATION SUPPORT STRUCTURE ASSEMBLY 
HEAT SHORTS MUST BE MINIMIZED. 
UNLOCKING MECHANISMS REQUIRE POST 
STERILIZATION TESTING. 

DEVELOPMENT OF FABRICATION PROCEDURE 
I S  REQUIRED 

CONFIHEO EXPLOSIVE SEPARATION DEVICE RE 
WIRES MINOR OEVELO?MENT 
MINIMUM DEVELOPMENT I S  REOUIRED 

MINIMUM DEVELOPMENT I S  REQUIRED 
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TABLE 1.4-2 

sc I E NCE PAY LOADS' 

LANDED SCIENCE 

ATMOS PN E R IC PACK AGE 
ALPHASPECTROMETER 
MASS SPECTROMETER 

17.8 103 BITSIDAY 
PLUS IMAGES 

ENTRY SCIENCE 
MASS SP ECTR OMET E R 
ACCELEROMETER 
PRESSURE SENSORS 
TEMPERATURE SENSORS 
HUMIDITY 
MARGIN 

TOTAL 

8 80 
4 150 
3 48 
0.02 16 
0.02 8 
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FIGURE 1.4-1 
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critical problem and continued, concentrated investigation and development is 

required to provide qualified hardware for a 1973 launch. 
presents a projection of energy density for wet, heat-sterilizable, silver- 
zinc batteries based on continuing progress. 

Figure 1.4-2 

For extended operation of a Martian lander, a solar cell array offers an 
attractive power source that is not weight-sensitive to total energy output. 
However, solar cell output is affected by array shape, landing site location, 
landed vehicle attitude, and Martian environment. Figure 1.4-3 shows the 

effect of landing date and landing site latitude on solar panel performance. 
The uncertainties in environmental conditions, particularly cloud cover and 

wind blown dust, require that conservative estimates be used in specifying 
solar array size requirements. 

* 
An RTG is a suitable power source for extended missions on the Martian 

surface because of its inherent long life, reliability, and relative insensi- 
tivity to the local environment. Very long lead time is required to design, 

develop, produce, and qualify an RTG. Even with an early start on needed 
modifications, only the SNAP-19 and SNAP-27 programs have progressed suffi- 

ciently to meet a 1973 launch date. 

1 . 4 . 4  GUIDANCE AND CONTROL - The guidance and control system consists of 
the attitude, deorbit, and velocity control electronics; landing radar; and 
radar altimeter. This equipment is used to sense and control vehicle attitude, 
attitude rate, acceleration, range, and velocity from capsule separation to 
touchdown. Primary attitude, deorbit, and velocity control design consider- 
ations include the deorbit thrust direction pointing, deorbit velocity 

increment, roll reference, and velocity direction calculation accuracies. 
Primary contributors to the landing radar and radar altimeter requirements 

analysis include near-zero doppler performance, anticipated attitude and 
attitude rate extremes, potential post-separation aeroshell interference, 
antenna patterns, surface topography, and backscatter characteristics. The 

guidance and control system is based on existing equipments and techniques. 
However, the necessary modifications to existing equipment, required testing, 
and complexity of this system combine to make it a pacing item with regard to 
total capsule development time. 
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1.4.5 SEQUENCER - The sequencer system provides  the means f o r  accomplish- 

ing ,  independent of Ear th  command, t h e  s e q u e n t i a l  time-based events  f o r  equip- 

ment checkout p r i o r  t o  d e o r b i t ,  and f o r  equipment c o n t r o l  dur ing  s e p a r a t i o n ,  

d e o r b i t ,  e n t r y ,  l anding ,  and s u r f a c e  opera t ions .  

t h e  a n a l y s i s  of t h e  sequencer  requirements  i nc lude  t h e  memory type ,  p o s s i b l e  

i n t e g r a t i o n  of t h e  pre-touchdown sequencing func t ions  i n t o  t h e  guidance computer, 

t h e  pre-entry s t a b i l i z a t i o n  technique as it  a f f e c t s  sequencerjcomputer i n t eg ra -  

t i o n ,  and t h e  s u r f a c e  mission du ra t ion .  

Primary cons ide ra t ions  i n  

1.4.6 THERMAL CONTROL - During t h e  f l i g h t  phase t h e  thermal c o n t r o l  system 

uses  electrical  and/or  i s o t o p e  h e a t e r s ,  thermal  coa t ings ,  and i n s u l a t i o n  t o  

main ta in  t h e  thermal  environment i n  t h e  capsule .  Only when power i s  suppl ied  

by a n  RTG is t h e r e  a s i g n i f i c a n t  h e a t  r e j e c t i o n  requirement during t h i s  per iod .  

A s  shown i n  F igure  1.4.-4 t h e  po r t ion  of s u r f a c e  landed payload a t t r i b u t a b l e  

t o  thermal  c o n t r o l  v a r i e s  between 16 and 22%. 

equipment from t h e  low temperature  Mart ian n i g h t  i s  t h e  h e a v i e s t p a r t  of t h e  

lander  thermal  c o n t r o l .  Other s i g n i f i c a n t  components inc lude  e lec t r ica l  and/or  

i s o t o p e  h e a t e r s ,  and phase change material t o  decrease  l ande r  temperature  

s e n s i t i v i t y  t o  environment f l u c t u a t i o n s .  Thermal c o n t r o l  of t h e  lander  i s  

complicated by t h e  range of p o s s i b l e  mission o b j e c t i v e s ,  by t h e  u n c e r t a i n t i e s  

i n  component performance a f t e r  exposure t o  handl ing,  s t e r i l i z a t i o n ,  and miss ion  

environments, and by t h e  unce r t a in ty  of t h e  n a t u r a l  environments. 

I n s u l a t i o n  necessary  t o  p r o t e c t  

1.4.7 PROPULSION - The capsule  r e q u i r e s  propuls ion  t o  d e o r b i t ,  t o  c o n t r o l  

a t t i t u d e  from capsule-orb i te r  s e p a r a t i o n  t o  l ande r  touchdown, and t o  e f f e c t  

t h e  f i n a l  d e c e l e r a t i o n  r equ i r ed  f o r  a s o f t  l anding  on t h e  Mars su r face .  

For t h e  deo rb i t  func t ions ,  s o l i d  p r o p e l l a n t s  provide a weight advantage 

over  l i q u i d  monopropellant and b i p r o p e l l a n t  systems as shown i n  F igure  1.4-5. 

However, development of a s t e r i l i z a b l e  s o l i d  p r o p e l l a n t  rocke t  warran ts  

immediate a c t i o n  t o  a s s u r e  a v a i l a b i l i t y  f o r  t h e  1973 mission.  

A s  shown i n  F igure  1.4-6, b i p r o p e l l a n t  te rmina l  propuls ion  systems pro- 

v i d e  a performance advantage over  monopropellant systems, b u t  monopropellants 

o f f e r  an  edge i n  s , impl ic i ty ,  c o s t ,  and r e l i a b i l i t y  which i s  p a r t i c u l a r l y  

at tractive f o r  t h e  1973 mission.  
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FIGURE 1.4-5 
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FIGURE 1.4-6 
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1.4.8 AUXILIARY AERODYNAMIC DECELERATOR - The a u x i l i a r y  aerodynamic 

d e c e l e r a t o r  system d e c e l e r a t e s  t h e  capsule  t o  a l t i t u d e  and v e l o c i t y  cond i t ions  

compatible w i t h  t h e  i n i t i a t i o n  of t h e  te rmina l  propuls ion  system. I n  a d d i t i o n ,  

t h e  a u x i l i a r y  aerodynamic d e c e l e r a t o r  provides  s t a b i l i z a t i o n ' a n d  lohger  descent  

t i m e ;  t h i s  permi ts  a c q u i s i t i o n  of more and b e t t e r  q u a l i t y  atmospheric da t a .  

The c h a r a c t e r i s t i c s  of t h e  e n t r y  capsules  considered i n  t h i s  s tudy  (M - < 2 a t  

p r a c t i c a l  a l t i t u d e s )  permi ts  t h e  u s e  of parachutes  as t h e  a u x i l i a r y  aerodynamic 

d e c e l e r a t o r  device.  For t h e  p re sen t  s t u d y ,  t h e  NASA-Langley PEPP d a t a  i s  used 

ex tens ive ly  t o  d e f i n e  parachute  conf igu ra t ion  phys ica l  c h a r a c t e r i s t i c s  and 

performance parameters such as aerodynamic drag  c o e f f i c i e n t ,  s t a b i l i t y ,  

deployment- inf la t ion t i m e s ,  and parachute  opening shock loads .  

Entry capsule  concepts w i th  h igh  b a l l i s t i c  parameters which would o therwise  

Y exceed Mach 2 a t  usab le  a l t i t u d e s  may r e q u i r e  a u x i l i a r y  aerodynamic devices  

such as i n f l a t a b l e  a e r o s h e l l  ex tens ions  o r  a t t a c h e d  i n f l a t a b l e  d e c e l e r a t o r s .  

1.4.9 AEROSHELL - The a e r o s h e l l  d e c e l e r a t e s  t h e  e n t r y  capsule  and provides  

thermal  p r o t e c t i o n  t o  t h e  capsule  during b a l l i s t i c  e n t r y  i n t o  t h e  Mart ian atmos- 

phere.  

t o  one-half t h e  base  r ad ius ,  w a s  used f o r  t h i s  s tudy .  S t r u c t u r e  f o r  t h e  c o n i c a l  

po r t ion  c o n s i s t s  of a t i t an ium single-faced,  l o n g i t u d i n a l l y  cor ruga ted  s h e l l  

wi th  i n t e r n a l  aluminum r i n g s .  

cons i s t ing  of f i b e r g l a s s  f a c e  s h e e t s  and honeycomb core .  H e a t  p r o t e c t i o n  of t h e  

c o n i c a l  p o r t i o n  i s  provided by a low dens i ty  cha r r ing  a b l a t o r .  Nose cap thermal  

p r o t e c t i o n  is  provided by non-ablat ive,  hardened compacted f i b e r s  of alumino- 

s i l i ca te  t o  prevent  i n t e r f e r e n c e  wi th  atmospheric sampling experiments.  A 

s i l i ca  c l o t h  c u r t a i n  w a s  used f o r  thermal  p r o t e c t i o n  of t h e  a e r o s h e l l  base  

-areas. 

A 60" ha l f -angle  sphere-cone conf igu ra t ion ,  wi th  a nose r a d i u s  equal  

Nose cap s t r u c t u r e  i s  of sandwich cons t ruc t ion  

Aeroshe l l  weight and s i z e  are r e l a t e d  as shown i n  F igure  1.4-7. 

1.4.10 LANDING SYSTEM - The landing system l i m i t s  t h e  d e c e l e r a t i o n  of t h e  

s u r f a c e  payload t o  less than  20 g ' s  and a s s u r e s  t h a t  s t a b i l i t y  is  maintained 

during landing.  

landing on r idges  and cones and on t34"  s lopes .  The Uni-Disc landing system 

used f o r  t h i s  s tudy  c o n s i s t s  of a base  p la t form,  c rushable  a t t e n u a t i o n  material, 

footpad,  and t e n s i o n  cab le  assemblies .  The s u r f a c e  payload, t e rmina l  descent  

and landing ,  are mounted on the  base  platform.  The r a t i o  of center-of-gravi ty  

S t a b i l i t y  is of primary concern because of t h e  requirement f o r  
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FIGURE 1.4-7 

35 



he igh t  t o  footpad diameter  (H/R) i s  l i m i t e d  t o  .6 t o  provide landing  s t a b i l i t y  

on t h e  34" slope.  

1.4.11 CANISTER AND ADAPTER - The canister main ta ins  s ter i le  condi t ions  

of t h e  capsule ,  inc luding  l ande r  and a s soc ia t ed  equipment, from t e rmina l  

s t e r i l i z a t i o n  u n t i l  c a p s u l e / o r b i t e r  s e p a r a t i o n  i n  Mars o r b i t .  

s t r u c t u r e  c o n s i s t s  of forward and a f t  aluminum, semi-monocoque s h e l l  s t ruc -  

t u r e s  mechanically jo ined  a t  t h e  f i e l d  j o i n t  r i ng .  

at  t h i s  r i n g  by a dua l  confined explos ive  sepa ra t ion  device.  

p re s su re  d i f f e r e n t i a l  is  maintained i n  t h e  c a n i s t e r  dur ing  boos t  t o  prevent  

b i o l o g i c a l  contamination. A vent ing  system is i n s t a l l e d  i n  t h e  c a n i s t e r  t o  

prevent  excess ive  i n t e r n a l  pressures .  

Canister 

Can i s t e r  s e p a r a t i o n  occurs  

A p o s i t i v e  

m The adap te r  i s  a s imple t r u s s  assembly which j o i n s  t h e  capsule  t o  t h e  a f t  

c a n i s t e r .  Can i s t e r  i n e r t i a  loads  occurr ing  during ground handl ing,  launch, and 

v c r u i s e  a r e  t r a n s f e r r e d  by t h e  adapter  s t r u c t u r e  t o  c a n i s t e r / a d a p t e r  i n t e r f a c e  

and then  through t h e  c a n i s t e r  i n t e r f a c e  cone t o  t h e  o r b i t e r .  S ix teen  aluminum 

tubu la r  members comprise t h e  adap te r  s t r u c t u r e  used f o r  t h i s  study. 
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1.5 Environment S e n s i t i v i t y  

Evaluat ion of t h e  e f f e c t  o f  changes i n  t h e  pos tu l a t ed  environment included 

cons ide ra t ion  of a tmospheric  scale he igh t ,  s u r f a c e  p re s su re  and temperature,  

winds, and s u r f a c e  s lope.  I n  a d d i t i o n  t o  cons ider ing  changes i n  each of t h e s e  

ind iv idua l ly ,  a combination "modified environment" w a s  s tud ied ,  as shown i n  

Figure 1.5-1. 

The s u r f a c e  payload is  e s p e c i a l l y  s e n s i t i v e  t o  two environment f a c t o r s :  

t h e  s u r f a c e  s l o p e  and t h e  temperature.  

capsule  power i s  obta ined  from b a t t e r i e s ,  a s u r f a c e  payload weight r educ t ion  

of more than 40 l b s  

Requirements and Cons t r a in t s  Document is  removed as a des ign  requirement f o r  

t h e  low-lati tude-landing s o f t  l anders .  The e f f e c t  on s u r f a c e  payload weight 

i s  i l l u s t r a t e d  i n  F igure  1.5-2. I f  electrical h e a t e r s  are used t h i s  ga in  i s  

ampl i f ied  s i g n i f i c a n t l y  as mission du ra t ion  inc reases .  

For t h e  minimum mission, i n  which 

can be made i f  t h e  "cold day" s p e c i f i e d  i n  t h e  VOYAGER 

The s u r f a c e  s l o p e  a f f e c t s  t h e  d e f i n i t i o n  of t h e  worst  case f o r  s o l a r  

panel  opera t ion .  

m i n i m u m  a v a i l a b l e  energy va lue  about 30% higher  than  wi th  t h e  34" s l o p e  cur- 

r e n t l y  i n  use; see Figure 1.5-3. 

Reduction t o  20' s l o p e  as a design va lue  would provide a 

The landing system is a l s o  a f f e c t e d  by s u r f a c e  s lope .  I n  t h e  range of 

lander  s i z e s  and weights  s tud ied ,  a n e a r l y  l i n e a r  r e l a t i o n s h i p  w a s  evidenced; 

see Figure 1.5-4. 

system weight and t h e r e f o r e  t o t a l  capsule  weight. 

a 6" i n c r e a s e  i n  s l o p e  r e q u i r e s  t h a t  an a d d i t i o n a l  1% of t h e  landed weight be 

devoted t o  t h e  system. 

on i t s  a b i l i t y  t o  handle  t h e  combination of high s l o p e s  and a s soc ia t ed  sharp  

peaks, a s i g n i f i c a n t  reduct ion  i n  s l o p e  might reopen t h e  s e l e c t i o n  of landing 

system type. 

A change of s u r f a c e  s l o p e  design requirement changes lander  

For s l o p e s  less than 34', 

Furthermore, s i n c e  t h e  Uni-Disc s e l e c t i o n  w a s  based 

Low a l t i t u d e  winds a f f e c t  t h e  t o t a l  v e l o c i t y  and f l i g h t  pa th  angle  a t  

terminal propuls ion  system i g n i t i o n .  I n  low d e n s i t y  atmospheres a reduct ion  

from 220 f t / s e c  t o  118 f t / s e c  w i l l  a l low the  t e rmina l  propuls ion  system t o  be  

s i z e d  f o r  about  15% less v e l o c i t y  increment and a lower t h r u s t  level, saving 
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both weight and cos t .  For t h e  h igh  d e n s i t y  atmosphere, t h i s  r educ t ion  i n  wind 

would a l low t h e  f l i g h t  p a t h  t o  b e  more n e a r l y  vertical and decrease  t h e  possi-  

b i l i t y  of l o s s  of r a d a r  l o c k  dur ing  t h e  a t t i t u d e  hold per iod  and a f t e r  v e l o c i t y  

v e c t o r  alignment. 

Atmospheric p re s su re  and d e n s i t y  as a func t ion  of a l t i t u d e  have a s i g n i f i -  

can t  e f f e c t  on t h e  capsule  d e c e l e r a t i o n  systems, s p e c i f i c a l l y  t h e  a e r o s h e l l ,  

parachute ,  and te rmina l  propuls ion  system. The VM-1 through VM-10 atmospheres 

which were used as t h e  b a s i s  f o r  t h e  s tudy  may be  cha rac t e r i zed  by a s u r f a c e  

p re s su re  and a p res su re  o r  d e n s i t y  s c a l e  he ight .  The s u r f a c e  p re s su re  of t h e  

VM atmospheres ranges from 5 t o  20 m i l l i b a r s .  Sca le  he igh t ,  t h e  a l t i t u d e  in-  
crement i n  which p res su re  o r  d e n s i t y  changes by a f a c t o r  of e ( t h e  base  of 

n a t u r a l  logari thms)  is cons tan t  above t h e  tropopause; f o r  t h e  VM atmospheres 

1p i t  is between 5 and 14 k i lometers .  Sur face  p re s su re  o r  dens i ty  ( f o r  t h e  VM 

atmospheres they are p ropor t iona l  f o r  f i x e d  scale he igh t )  i s  important p r imar i ly  

because i t  governs t h e  parachute  s i z e  requi red  t o  achieve  a given equi l ibr ium 

ver t ical  ve loc i ty .  

on a t o t a l  capsule  c o s t  and weight b a s i s  - an i n c r e a s e  from 5 t o  7 mb s u r f a c e  

p re s su re  would al low parachute  diameter  t o  be decreased 14% i f  t h i s  w e r e  t h e  

only s i z i n g  cri teria.  Because a e r o s h e l l  s e p a r a t i o n  and descent  t i m e  a l s o  

in f luence  parachute  s i z i n g ,  n o t  a l l  of t h i s  p o t e n t i a l  ga in  could a c t u a l l y  be  

achieved. Sur face  atmospheric p re s su re  in f luences  engine des ign  c h a r a c t e r i s t i c s  

of t h e  te rmina l  propuls ion  system, but  does no t  s i g n i f i c a n t l y  a f f e c t  t h e  o v e r a l l  

capsule  design. However, an inc rease  i n  s u r f a c e  p re s su re  w i l l  reduce t h e  op- 

timum parachute  phase te rmina l  v e l o c i t y  and t h e r e f o r e  change t h e  s i z i n g  of t h e  

parachute  and te rmina l  propuls ion  systems. 

For a 300 f t / s e c  te rmina l  v e r t i c a l  v e l o c i t y  - nea r  optimum 

I n  shal low atmospheres (low scale h e i g h t ) ,  t h e  capsule  pene t r a t e s  t o  low 

a l t i t u d e s  and high atmospheric d e n s i t y  a t  h igher  speeds than i n  deep atmospheres. 

This  causes  h igher  dynamic p res su re  and hea t ing  rates, and more r ap id  deceler-  

a t i o n ,  b u t  f o r  s h o r t e r  per iods ,  Therefore ,  f o r  d e c e l e r a t i o n  t o  a given speed 

a t  given a l t i t u d e  as requi red  f o r  deployment of an a u x i l i a r y  aerodynamic de- 

celerator- low scale he igh t  atmospheres r e q u i r e  a lower b a l l i s t i c  parameter 

(m/CDA>, c a p a b i l i t y  t o  wi ths tand  h ighe r  a i r  loads ,  d e c e l e r a t i o n  levels, and 

hea t ing  rates, but  less hea t  p r o t e c t i o n  equipment. For d e c e l e r a t i o n  t o  Mach 2 
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at  23 000 f e e t ,  t h e  nominal parachute  deployment condi t ion ,  an  m/CDA of n o t  

more than  .25 s l u g / f t  is a l lowable  f o r  VM-2, - 4 ,  and -8, t h e  5 km scale he igh t  
2 atmospheres, b u t  a va lue  of . 3 3  s l u g / f t  is a l lowable  i n  atmospheres wi th  scale 

he igh t s  of 8 km o r  more, as shown i n  F igure  1.5-5. 

2 

High scale he igh t  atmospheres a f f e c t  t h e  VHF communications from capsule  

t o  o r b i t e r  by inc reas ing  t h e  atmospheric descent  t i m e  and thus  reducing t h e  

per iod  between landing  and t h e  t i m e  a t  which t h e  o r b i t e r  passes  beyond t h e  

horizon. This  e f f e c t  has  n o t  been examined i n  d e t a i l  s i n c e  reduct ion  of maxi- 

mum scale he ight  seems less l i k e l y  i n  t h e  nea r  f u t u r e  than inc reas ing  t h e  mini- 

mum scale he igh t  and because i t s  e f f e c t  is  p r imar i ly  on ope ra t ions  and choice  

of t r a j e c t o r y  f o r  a p a r t i c u l a r  mission r a t h e r  than on capsule  design.  

A s i g n i f i c a n t l y  more e f f i c i e n t  capsule  design r e s u l t s  i f  t h e  modi f ica t ions  

noted i n  F igure  1.5-1 i n  temperature ,  s u r f a c e  s lope ,  winds and atmospheric 

scale he igh t  are app l i ed  s imultaneously.  F igure  1.5-6 shows t h a t  a 15% reduc- 

t i o n  i n  weight can be achieved by t h i s  means f o r  a minimum mission capsule  and 

t h a t  t h i s  percentage inc reases  as t h e  capsule  s i z e  inc reases .  

9 
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FIGURE 1.5-5 
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FIGURE 1.5-6 
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1.6 Conceptual Designs 

Five des ign  concepts  were i n i t i a l l y  s e l e c t e d  t o  provide  i n s i g h t  i n t o  t h e  

capsule  i n t e g r a t i o n  and t o  provide  confirmation of t h e  paramet r ic  ana lyses .  

Considerat ion of Concept IV, s e l e c t e d  t o  provide  n e a r  maximum c a p a b i l i t y  w i t h i n  

t h e  c o n s t r a i n t s ,  w a s  terminated midway i n  t h e  s tudy  t o  a l low concen t r a t ion  on 

t h e  smaller capsules  more s u i t a b l e  f o r  t h e  1973 missions.  The remaining fou r  

e x h i b i t  t h e  e f f e c t s  of v a r i a t i o n s  i n  l i f e t i m e  and des ign  cr i ter ia  on capsules  

wi th  t h e  minimum, 30 l b ,  s u r f a c e  sc i ence  payload. Concepts I and I1 were 

designed f o r  minimum mission du ra t ion  - a t  least  one complete d i u r n a l  cycle .  

Concepts I11 and V provide s u r f a c e  mission du ra t ion  of 90 days o r  more; u se  of 

s o l a r  ce l l s  t o  recharge  b a t t e r i e s  permi ts  t h i s  extension.  Concepts I1 and 111 

s a t i s f y  t h e  f u l l  range of nominal environment s p e c i f i c a t i o n s  and t h e  mission 

f l e x i b i l i t y  c r i te r ia  l i s t e d  i n  Table 1-1. Concepts I and V were designed to 

s a t i s f y  less r igorous  environment and f l e x i b i l i t y  requirements.  These two 

concepts have t h e  advantage of compa t ib i l i t y  w i th  a 10 f t  diameter  boos t e r  

payload shroud, thus  a b v i a t i n g  hammerheading, as w e l l  as reduced c o s t  f o r  t h e  

capsule  i t s e l f .  

The capsule  mission f o r  each of t h e s e  concepts i nc ludes  a boos t  and Earth 

o r b i t  phase,  an i n t e r p l a n e t a r y  phase, and a Mars o r b i t  phase. The capsule  

then s e p a r a t e s  from t h e  o r b i t e r ,  performs a d e o r b i t  maneuver, descends, and 

e n t e r s  t h e  atmosphere. T ra j ec to ry  parameters f o r  a t y p i c a l  mission are presen- 

t ed  i n  Table 1.6-1. 

C h a r a c t e r i s t i c s  of t h e  f i v e  concepts are presented  i n  Table 1.6-2. Table 

1.6-3 desc r ibes  t h e  capsule  systems f o r  Concepts I, 11, 111, and V. Each of 

t h e s e  concepts  u t i l i z e s  a parachute  and a t h r e e  engine monopropellant te rmina l  

propuls ion  system. The parachute  w a s  s e l e c t e d  d e s p i t e  a small pena l ty  i n  

weight and an i n c r e a s e  of about two f e e t  i n  a e r o s h e l l  diameter  because i t  

o f f e r e d  less development r i sk ,  an important  f a c t o r  f o r  t h e  1973 mission. 

monopropellant system, though i t  l eads  t o  a heav ie r  capsule  than  would a b i -  

p r o p e l l a n t  system, o f f e r s  s u b s t a n t i a l  sav ings  because of a less c o s t l y  

development program. 

t o  600 I b  t h r u s t  monopropellants r equ i r ed  f o r  t h e s e  capsules .  

rocke ts  were s e l e c t e d  f o r  deo rb i t  i n  t h e s e  concepts because of t h e i r  weight  

The 

No d i f f i c u l t y  is  a n t i c i p a t e d  i n  t h e  development of t h e  400 

Sol id  p r o p e l l a n t  
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TABLE 1.6-1 

NOMINAL TRAJECTORY 

0 LAUNCH 
DATE 
VIS VIVA ENERGY, C3 

e ARRIVAL 
DATE 
FLIGHT TIME, TF  
HYPERBOLIC EXCESS VELOCITY, VHP 

SIZE 

ASCENDING NODE, 9, 
ARGUMENT OF PERIAPSE, w 
INSERTION VELOCITY INCREMENT, AV 
PERIAPSE ROTATION ANGLE, p 

0 ORBIT (POSIGRADE NORTH) 

8 INCLINATION, i 

e DEORBIT 
TRUE ANOMALY, 0 ~ 0  
VELOCITY INCREMENT, AV 
DEFLECTION ANGLE, 6 
DESCENT TIME 

e ENTRY (800 000 FT ALTITUDE) 
VELOCITY, V, 
FLIGHT PATH ANGLE, ye 
TRUE ANOMALY, 8, 
CAPSULE LEAD ANGLE, A0, 

e TERMINAL DECELERATION 
PARACWUTE DEPLOYMENT ALTITUDE 
ALTITUDE AEROSHELL IMPACT (VM-7) 
T € R ~ ~ ~ A L  PROPULSION INITIATION 

0 LANDING 
SOLAR ANGLE, I's 
LATITUDE, 6 
CENTRALANGLE FROMENTRY 
TIME FROM ENTRY 
LANDING TRUE ANOMALY 

RBITER TRUE ANOMALY 

(20' GROUND SLOPE) 
POST-LANDED VIEW TIME 

19 SEPT 1973 (TYPE 1) 
44.06 KM2/SEC2 

17MAY 1974 
240 DAYS 
2.86 KMISEC 

SYNCHRONOUS (1000-33 124 KM ) 
60' 
291.3' (EQUATORIAL, MARS EQUINOX) 
114.5 
2.1 KM/SEC 
66' 

214' 
361.3 FT/SEC 
+ 25.7' 
3.4 HRS 

15 110 FT/SEC 
- 16' 
331.6 
5.35' 

23 000 F T  
5000 TO 6000 FT 
6500 F T  

60' 
1O'N 
16.8' 
440 SEC 
348' 

435 SEC 
348" 
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TABLE 1.6-3 
CONCEPTUAL DESIGNS - SYSTEM CHARACTERISTICS SUMMARY 

SYSTEM 

CIENCE 
ENTRY 
MASS SPECTROMETER 

WEIGHT 
POWER 
DATA RATE 

WEIGHT 
POWER 
DATA RATE 

WEIGHT 
POWER 
DATA RATE 

WEIGHT 
POWER 
DATA RATE 

HUMIDITY 
WEIGHT 
POWER 
DATA RATE 

ACCELEROMETER 

PRESSURE SENSORS 

TEMPERATURE SENSORS 

LANDED 
CAMERAS 

WEIGNT 
POWER 
DATA RATE 

WEIGNT 
POWER 
DATA RATE-RELAY 
DATA RATE-DIRECT 

ALPHA SPECTROMETER 
WEIGHT 
POWER 
DATA RATE 

OWUNICATIONS 
ENTRY TELEMETRY 

ATMOSPNERIC PACKAGE 

FREPUENCY 
TRANSMITTER 
TELEMETRY CNANNELS 
DATA RATES 
STORAGE TIME 
STORAGE BITS 
RECEIVING ANTENHA BW 
TRANSMITTING ANTENNA BW 
MODULATION 

LANDED RELAY TELEMETRY 
FREPUENCY 
TRANSUITTER 
TELEMETRY CHANNELS 
DATA RATE 
STORAGE TIME 
STORAGE BITS 
RECEIVING ANTENNA BW (ORBITER1 
TRANSMITTING ANTENNA BW 
MODULATION 

LAHDED DIRECT TELEMETRY 
FREPUENCY 
TRANSMITTER 
TELEMETRY CHANNELS 
DATA RATE 
STORAGE TIME 
ITORAGE BITS 
RICEIVING ANTENNA BW 
TRANSMITTING ANTENNA BW 
MODULATION 

CONCEPT I 

9 LB 
8 W  
80 I P S  

2 L B  
4 w  
150 BPS 

5 LB 
3 w  
48 BPS 

1 L B  
0 0 2 w  
16 BPS 

1 LB 
0 0 2  w 
8 BPS 

IO L 8  
15 w 
107 8Po 

10 LB 
7 w  
9 4 I 103 BPD 

10 L B  
2 w  
8 4 x IO3 BPD 

400 MHx 
3 w  
401 
440 6 1320 BPS 
120 6 60 SEC 
158720 

90' 
2 FSK 

I 204 

400 MHz 
S W  
116 
41 6 KBPS 
24 6 HR 
167.9% 
120' 
1200 
2 FSK 

CONCEPT I1 

9 LB 
8W 
80 B P I  

2 L B  
4 w  
150 BPS 

5 L8 
3 w  
48 BPS 

1 LB 
0 02 w 
16 BPS 

1 LB 
0 02 w 
8 BPS 

IO L B  
I5 W 

TO7 BPD 

IO L B  
7 w  
9 4,103 BPO 

400 MNi  
3 w  
401 
440 b 1320 BPS 
154 6 50 SEC 
198.656 
I200 
90' 
2 CSK 

400MHz 
S W  
I16 
41 6 KBPS 
24 6 HR 
167.9% 
1200 
1 200 
2 FSK 

CONCEPT 111 

9 LB 

80 BPS 

2 L B  
4 w  
150 BPS 

5 L B  
3 w  
48 BPS 

1 LB 
0 02 w 
16 B P I  

1 L B  
0 02 w 

a w  

a BPS 

10 L 8  
I S  w 
107 BPO Y 

10 LB 
7 w  
9 4 103 BPO 
103 BPD 

IO L B  
2 w  
8 4 103 BPO 

400 MH I 

3 w  
401 
440 6 1320 BPS 
150 6 50 SEC 
198.6% 
1200 
900 
2 FSK 

400 MHz 
s w  
116 
41 6 KBPS 
24 6 HR 
167.936 
120- 
120- 
2 FSK 

2300 MHz 
20 w 
70 
1088 BPS 
246HR 
8192 
0 1s- 
1200 
MFSK 

+ O  BPD AFTER OWBlTLI I S  DE-SYNCHRONIZE0 (FOR OTHER MISIIDNSI 
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CONCEPT V 

9 LB 
8W 
80 BPS 

2 L B  
4 w  
150 BPS 

5 L B  
3 w  
48 BPS 

1 LB 
0 0 2  w 
16 BPI 

I LB 
0 0 2  w 
8 BPS 

10 L B  
IS w 
IO7 8PD X 

IO L B  
7 w  
9 4 103 BPD 
103 BPO 

IO L B  
2 w  
8 4 x 103 BPO 

400 MHr 
3 w  
40 1 
440 6 1320 BPS 
120 6 60 SEC 
158,720 
1200 
90' 
2 FSK 

400 uti. 
S W  

I I6 
41 6 KBPS 
24 6 NR 
167 936 
120' 
120" 
2 FSX 

2300MHz 
20 Y 

70 
I 088  8PS 
24 6 HR 
8192 
0 150 
1200 
MFSK 



TABLE 1.6-3 
CONCEPTUAL DESIGNS - SYSTEM CHARACTERISTICS SUMMARY (Continued) 

SYSTEM 

:OMMUNICATIONS (Cent.) 
LANDED DIRECT COMMAND 

FREQUENCY 
TRANSMITTER 
COMMANDRATE 
RECEIVING ANTENNA BW 
TRANSMITTING ANTENNA BW - 

LANDER 
BATTERY - 

TYPE 
CELL SIZE 
CAPACITY 
WEIGHT 

SURFACE PAYLOAD 
BATTERY - 

TYPE 
CELL SIZE 
CAPACITY 
WEIGHT 
DEPTH OF DISCHARGE 

CONFIGURATION 
AREA 
MINIMUM OUTPUT 
MAXIMUM OUTPUT 

SOLAR ARRAY - 

WEIGHT 

UIDANCE 6 CONTROL 
COWTROL ELECTRONICS 

INERTIAL MEASUREMENT UNIT 
GYROS 

TYPE 

s-INSENSITIVE DRIFT 
MASS UNBALANCE DRIFTS 
YORWEING RATE 
ACCELEROMETER TYPE 

11AS 
SCALE FACTOR STARILITY 
RBWGE 

TYPE 
CENTRALCOMPUTER 

MEMORY LOGIC 
TYPE 
ARITHMETIC 
CAPACITY 

SPEED 

INSTRUCTIONS 
CNECKOUT 7EST 6 SEQUENCE 
EVENT CONTROL 

TIME WORD RESOLUTION 

TIME ACCURACY 
W T P U T  CHANNELS 

.CONCEPT I 

Ag-Zn 
15 A-NR 
425 W-HR 
22 L B  

Ag-2n 
12 A-HR 
330 W-HR 
14 L B  
100". 

CONCEPT II 

Ag-2n 
15 A-HR 
425 W-HR 
22 L B  

Ag-Zn 
80 A-NR 
2210 W-NR 
61 L B  
IW% 

INGLE DEGREE OF 
REEOOM. RATE INTE 
,RATING. PULSE ON 
IEMAND REBALANCE 
LECTROHICS 
I O  DEG HR ( 3  1 
1 5 DEG HR g 1%. I 

60 DEG SEC MAX 
'ENDULOUS FORCE RE 
,*LANCE, PULSE ON 
IEMANDREBALANCE 
LECTROHICS 
150 x 10 6 9  I3 1 
0 015% 13 I 
TO 30 9 

tENERAL PURPOSE COM 
UTER FORGLCCOMPU 
ATIOWS, PRE SEPARATION 
HECKOUT, AND POST 
EPARATION TO LANDING 
EQUENCING 

IAGNETIC CORE 
ERIAL 
096 WORDS 
0 01'1 DATA WORD 
12 wonos UPDATEABLE 
4, SEC ADD TIME 
54 I SEC MULTIPLY TIME 

SINGLE DEGREE-OF 
FREEDOM RATE INTE 
GRATING. PULSE ON 
DEMANDREBALANCE 
ELECTRONICS 
I O  OEG HR (3 11 

I 5 DE6 NR g ( 3 ~ 1  
60 DEG SEC MAX 

PENDULOUS FORCE RE 
BALANCE, PULSE ON 
DEMANDREBALANCE 
ELECTRONICS 

1% I IO-A9  I3 11 
0 015% (3 11 

0 TO 30 g 

GENERAL PURPOSE CDM. 
PUTERFORGLCCOMDU 
TATIONS. PRE.SEPARATIOt 
CHECKOUT. AND POST 
SEPARATION TO LANDING 
SEOUENCING 

MAGNETIC CORE 
SERIAL 
4096 WORDS 
20 BIT DATA WORD 
512 WORDS UPDATEABLE 
14 SEC ADD TIME 
1% .SECMULTIPLY TIME 

SEC 
0 01% 13 $1 
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CONCEPT Ill 

2300 MHx 
100 KW 
1 BPS 
I204 
0 15' 
PSK-BCH 

Ag-Zn 
I5 A-HR 
425 W-HR 
22 LB 

A9-2n 
45 A-HR 
1245 W-HR 
37 L B  
12"o  

FLAT, FIXED 
20 59  FT  
410 W-HR 'DAY 
733 W-HRiOAY 
30 L B  

h G L E  DEGREE OF 
FREEDOM, RATE INTE 
$RATING, PULSE ON 
>EMAND REBALANCE 
ELECTRONICS 

1 0  OEG HR 13 1 
1 5  OEG HR g ( 3  11 

LO DEC SEC MAX 

'EHDULOUS FORCE RE 
IALANCE. PULSE OH 
)EMAND REBALANCE 
ELECTRONICS 
150 x 10-6g(3 
0 01P0(3 4 
I TO 30 g 

LENERAL PURPOSE COM 
'UTER FOR GLC CDMPU 
IATIONS. PRE SEPARATION 
:HECKOUT. A N 0  POST 
tEPARATION TO LANDING 
tEOUEHCING 

IAGNETIC CORE 
ERIAL 
096 WORDS 
'0 BIT DATA WORD 
812 WORDS UPDATEABLE 
4 8 SEC ADO TIME 
54 uSEC MULTIPLY TIME 
5 

ELECTABLE S J ~  SEC OR 
5EC 
0 01% ( 3  t) 
IP TO 128 OUTPUTS FOR 
ACHOFCHECKOUTL 
'OST-SEPARATION 
EWENCING 

CONCEPT V 

2300 MH I 

100 KW 
I BPS 
120' 
0 150 
PSK-BCH 

Ag-Zn 
15 A-HR 
425 W-HR 
22 LB 

Ag-Zn 

12 5 A-NR 
350 W-HR 
15 L B  
4500 

FLAT, FIXED 
16 SO FT  
416 W-NRIOAY 
580 W-NRiDAY 
24 L E  

INGLE DEGREE OF 
REEDOM RATE INTE 

,RATING, PULSE ON 
)EMAND REBALANCE 
L ECTRONICS 
I 0 DEG NR ( 3  .) 
i 5 0 E G H R g ( 3 , l  
U DEG SEC MAX 

'ENDULOUS FORCE RE 
IALANCE, PULSE ON 
IEMAHOREBALANCE 
LECTROHICS 

0 01Vo (3 VI 
TO 30 p 

1% I 10-6~(3 

sENERAL PURPOSE COM 
UTER FOR GhC CCMPU 
LTIDNS PRE SEPARATIOt 
HECKOUT. AN0 POST 
EPARATION TO LANDING 
EOUENCING 

IAGNETIC CORE 
ERIAL 
096 WORDS 
0 BIT DATA WORD 
12 WORDS UPDATEABLE 
1 (vSEC ADO TIME 
54 ,rSEC MULTIPLY TIME 
5 

ELECTABLE Y J ~  I E C  OR 
SEC 
0 01% 0.4 
P TO 128 OUTPUTS FOR 
ACH OF CNECKOUT L 
OST-SEPARATION 
EOUENCING 



TABLE 1.6-3 
CONCEPTUAL DESIGNS - SYSTEM CHARACTERISTICS SUMMARY (Continued) 

SYSTEM 

u l3mm%mOL Icon,.) 
LANDING RADAR 

BEAM CONFIGURATION 

TRANSMITTERS 
POWER, FREQUENCY. 6 
MOOULATION 

RECEIVERS 

ANTENNA 

ACCURACY ( 3  I TERMINAL PHASE) 
RANGE 
VELOCITY 

RADAR ALTIMETER 

AEROSHELL ANTENNA 

LAWOER ANTENNA 

TRANSMITTER 
FREQUENCY 
PRF 
PULSE WIDTH 
PEAK POWER 

RECEIVER 
PERFORMANCE 

ALTITUDE 
ACCURACY ( 3 0 )  

EPU EN CER 

TYPE 
SURFACE SEQUENCER L TIMER 

CAPACITY 

TIME WORD RESOLUTION 
TIME ACCURACY 

CCNTRAL COMPUTER L SIPUfNCER 
TYPE 

CAPACITY 

TIME WORD RESOLUTION 

TIME ACCURACY 

INERMAL COWTROL 

TOTAL WEIGHT 
TEMPERATURERANGE 

FLIGHT PHASE 

L M O E R  LIMITS 
AEROWELLABLATOR 
PROPELLANTS 

EXTERNAL (INSULATION) 
WEIGHT 
THICKNESS 

CONCEPT I CONCEPT I1  

lNREE VELOCITY BEAMS, 
INE RANGE BEAMATBEAM ONERANGE BEAMATBEAM 
;ROUP CENTERLINE GROUP CENTERLINE 
\LONG ROLL AXIS 
IARACTOR MULTIPLIERS VARACTOR MULTIPLIERS 

PW CW 
?ANGE 0 1 W. 9 6 GNr. 
3AWTOOTN FM CW 
iOMOOYNE IN-PNASE 6 
XJAORATURE DETECTION PUAORATURE DETECTION 
NTEGRATEO PHASEO INTEGRATED PNA5EO 
4RRAY ARRAY 

THREE VELOCITY BEAMS, 

ALONG ROLL AXIS 

~ELOCITY o 2 w, IO 5 mi.. VELOCITY o 2 w. IO s Gnz, 

RANGE 0 1 W. 9 6 6Hz. 
SAWTOOTH FM CW 
NWOOYNE IN  PHASE L 

1 1 %  5 FT 11% 5 FT  
15% I S  FT SEC I 5% 1 5 F T 6 E C  

NON COHERENT PULSE NOH-CONERENT PULSE 
RADAR RADAR 
SINGLE SLOT - 90' ROLL 
I 160' PlTCN 
CROSSED SLOT - 120' x 

1200 I200 
TRIODE TRIODE 

500 Gnr 5W GNz 
5 1  SEC 5 ,  SEC 
500 W 500 w 
SUPERNET RF AMP LEAD SUPERHET. RF AMP, LEAO 
ING EDGE TRACK 
MOO TO 210.000 FT 

SINGLE SLOT - 90° ROLL 
li 160' PITCH 
CROSSED SLOT - 120' .: 

I o cnz I o Gnl 

ING EDGE TRACK 
5000 TO 210.0W F T  

0 16% 3 630 F T  0 16% * 630 FT 

UAGNETIC CORE MEMORY 
DEVICE, UPDATEABLE BE 
FORE SEPARATION FORE SEPARATION 

64 EVENT TIME WORDS L 
OUTPUTS AVAILABLE OUTPUTS AVAILABLE 
15EC 1 SEC 

I 8 9 SEC ACCURACY IN ( 8 9 SEC ACCURACY IN  
24 6 HRl 24 6 HR) 

GENERAL PURPOSE COM GENERAL PURPOSE COM 
PUTERFORGLCCOMPU PUTERFORGhCCOMPU 
TATIONS. PRE SEPARATION TATIONS, PRE SEPARATION 
CHECKOUT TESTING A CHECKOUT TESTING, 6 
POST SEPARATION TO POST.SEPARATIW TO 
LANDING SEQUENCIHG. LANDING SEWENCING, 
UPOATEABLE PRIOR TO UPOATEABLE PRIOR TO 
SEPARATION (SEE GAC SEPARATION (SEE GhC 
SYSTEM SUMMARYI SYSTEM SUMMARY) 
128 EVENT TIME WORDS L 128 EVENT TIME WORDS A 
OUTPUTS AVAILABLE FOR OUTPUTS AVAILABLE FOR 
EACH OF C 0 TEST 6 EACH OF C 0 TEST L 
SEQUENCE SEQUENCE 
50 nSEC OR 1 SEC 50 mSEC OR I SEC 

MAGNETIC CORE MEMORY 
DEVICE, UPOATEABLE BE 

64 EVENT TIME WORDS 6 

0 O I * D  (3 I 0 01% ( 3  r l  

0 01".(3..) I 10 HR) 

-001%.(3..1 
1 . 3  6 SEC ACCURACY IN  
IO HR) 

( .  3 6 SEC ACCURACY IN 

47 L B  

Mo TO 70°F 
- 1 W F  MIN 
400F MIN 

19 L B  
0 5 IN 

566 L B  

20' TO 70'F 
-lsO°F MIN 
40'F MIN 

26 5 L B  
0 5 IN  

30 1 L B  

CONCEPT 111 

YARACTOR MULTIPLIERS 

cw 
RANGE 0 1 W, 9 6 CHI. 
SAWTOOTH FM CX 
HOMODYNE IN PRASE 6 
PUAOR ATURE DETECTION 

INTEGRATED PHASEO 
ARRAY 

- 1  4% 5 FT 
' I 5% 
NON-CONERENT PULSE 
RADAR 
SINGLE SLOT - 90' ROLL 
I 160- PITCH 
CROSSED SLOT - lZOo I 
120' 
TRIODE 
I O  GHZ 

5 81 SEC 
MO w 
SUPERNET. RF AMP. LEAC 

5000 TO 210.000 FT 
* 0 16% 630FT 

VELOCITY o 2 w, IO 5 Gnz 

1 5 FT'SEC 

inG EDGE TRACK 

MAGNETIC CORE MEMORY 
DEVICE. UPOATEABLE BE 
FORE SEPARATION L 
AFTER LANDING 
128 EVENT TIME WORDS 6 
OUTPUTS AVAILABLE 
1 SEC 
0 01% ( 3  I )  

( 8 9 SEC ACCURACY IN  
24 6 HR) 

GENERAL PURPOSE C W  
PUTER FORGLCCOMPU 
TATIONS, PRE.SEPARATI0 
CHECKOUT TESTING, 6 
POST SEPARATION TO 
LANDING SEQUENCING, 
UPOATEABLE PRIOR TO 
SEPARATION (SEE GhC 
SYSTEM SUMMARY] 
128 EVENT TIME WORDS h 
OUTPUTS AVAILABLE FOR 
EACH OF C 0 TEST h 
SEQUENCE 
50 mSEC OR 1 SEC 

. 0 0 1 % ( 3 4  
1 - 3  6 SEC ACCURACY IN  
10 HR) 

60 0 L B  

20° TO 70-F 
- I W F  MIN 
4OOF MIN 

29 1 L B  
0 5 IN  

CONCEPT V 

'HREE VELOCITY BEAMS, 
INE RANGE BEAM AT BEA 
;ROUP CENTERLINE 
,LONG ROLL AXIS 
'ARACTOR MULTIPLIERS 
'ELOCITY 0 2 W, IO 5 GNz 
:W 
'ANGE 0 1 W, 9 6 GNz. 
AWTOOTH FM CW 
IOMOOYNE I N  PHASE 6 
IUAORATURE DETECTION 
NTEGRATEO PHASEO 
iRRAY 

1 4% . 5  F T  
15% 1 5  FT/SEC 

IONXOHERENT PULSE 
IADAR 
8lNGLt SLOT - 90' ROLL 

XOSSEO SLOT - l2Oo x 
200 
lRlOOE 

160" PITCH 

o tnz 
00 CHI 
I ,I SEC 
100 w 
SUPERHET, RF AMP. LEAO 
NG EDGE TRACK 
WO TO 210,000 F T  
0.165 . 630 FT 

IACNETIC CORE MEMORY 
IEVICE. UPDATEABLE BE 
'ORE SEPARATION L 
LFTER LANDING 
28 EVENT TIME WORDS 6 
IUTPUTS AVAILABLE 
SEC 
0 01% ( 3  r )  

8 9 SEC ACCURACY IN 
4 6 n ~ )  

iENERAL PURPOSE C W  
'UTER FOR GhC COMPU. 
IATIONS. PRE SEPARATIO 
:NECKOUT TESTING, 6 
'0ST.SEPARATION TO 
.ANDING SEQUENCING. 
IPOATEABLE PRIOR TO 
EPARATION (SEE GAC 
SYSTEM SUMMARY1 
28 EVENT TIME WOROS 6 
IUTPUTS AVAILABLE FOR 
IACH OF C 0 TEST 6 
SEQUENCE 
0 nSEC OR 1 SEC 

0 01% ( 3  4 
3 6 SEC ACCURACY IN 

o nm 

47 9 L B  

20° TO 7oOF 
-1SOOF MIN 
4OOF MIN 

I9 4 L B  
0 5 I N  

INTERNAL (NEATER\ COATINGS, 
INSULATION. ETC 1 

WEIGHT 309 L B  8 . 5  LB 



TABLE 1.6-3 
CONCEPTUAL DESIGNS - SYSTEM CHARACTERISTICS SUMMARY (Continued) 

SYSTEM 

1ERMAL CONTROL (C~nt.1 
LANDED PHASE 

TOTAL WEIGHT 
OUTER EWIPMENT COMPARTMENT 

TEMPERATURE RANGE 
IHSULATION DENSITY 
INSULATION THICKNESS 
HEATER TYPE 
NEAT SINK 

TEMPERATURERAHGE 
INSULATION DENSITY 
INSULATION THICKNESS 
NEATERTYPE 

INWERBATTERYCOMPARTMENT 

HEAT SINK 
ROPULSION 
OEORBIT 

NUMBER OF MOTORS 
SYSTEM WEIGHT 
TOTAL IMPULSE 
THRUST 
PROPELLANT 
VACUUM I l P  
WTDRLENGTH 

ATTITUDE CONTROL 
NUMBER OF THRUSTERS 
SYSTEM WEIGHT 
TOTAL IMPULSE 
THRUST 
PROPELLANT 
VACUUM IlP 

NUMBER OF ENGINES 
SYSTEM WEIGHT * 
TOTAL IMPULSE 

PROPELLANT 
NOZZLE EXPANSION RATIO 
VACUUM I , p  

TERMINAL 

THRUST/ENGINE 

UXILIARY AERODYNAMIC OECELERATOI 
TYPE 
WEIGHT AH0 SIZE 

NOMINAL DIAMETER. 0. 
SYSTEM WEIGHT 
OECELERATORLOAO 
BALLISTIC PARAMETER 

EROSHELL 
STRUCTURE 

CONFIGURATIOH 
WEIGHT 
BASE DIAMETER 
NOSE RADIUS - SPHERICAL 

NOSE CAP. NON.ABLATIVE 
ENTRY NEAT PROTECTION 

CONICAL AEROSHELL AILATOR 

AFT THERMAL CURTAIN 

ADHESIVES FOR NCF 6 5-20T 
WEIGNT (W/O AFT C U I T U N I  

ANOING SYSTEM 
UNI.OISC 
FOOTPAD MAMETER 
IMPACT ATTENUATOR NEIGNT 
IMPACT ATTENUATOR OIAMETER 
TOTAL WEIGNT 

AHISTER h ADAPTER 

TOTAL WEIGHT 
MAXIMUM DIAMETER 
MAXIMUM HEIGHT 

CANISTER 

AOAPTER 
TOTAL WEIGHT 

lElGNTS SASE0 ON USE OF EXISTING H4 

CONCEPT I 

37 8 L B  

Oo TO IOO'F 
4 LB/FT3 
3 0 IN 
ISOTOPE (7 5 W l  
BERYLLIUM (1  4 LB) 

50' TO l25OF 
4 0 LB/FT) 
0 4 IN 
ISOTOPE (22 W l  

BERYLLIUM (7 4 L B I  

1 
62 I L B  
15.000 LB-SEC 
1190 L B  

288 SEC 
18 1 IN 

8 I 4  PITCn/YAW. 4 ROLLI 
309 L B  
310 L B  SEC 
7 4 L B  P/Y. 0 5 L B  R 

H2 
72 5 SEC 

3 
I98 L B  
16.700 L B  SEC 
231 TO61 L B  

N2H4 
30 
233 5 SEC 

MODIFIED RINGSAIL 

30 1 FT 
34 3 L B  
779 L B  

PBAP/AL 

0486 SLUGS F T 2  

TITANIUM SINGLE FACEO 
LONGITUDINALLY CORRU 
GATEO CONIC SHELL h A 
REINFORCED PLASTIC 
SANDWICH NOSE ASSEMBLY 
120- SPNEREXONE 
52 9 L B  
8 83 FT 
2 2 1  FT 

HAROENEOCOMPACTEO 
FIBER5 (NCF) OF ALUMINO 

SILICATE, 25 LB/FTI  
MCOONNELL I-2OT. 20 La/ 
FT3 FOAMED SILICONE IN 
HONEYCOMB 
COATED SILICA CLOTN. 
O l L B / F T 2 . l l O L l  
HT-424 
60 1 L B  

55 7 IN 
IO IN 
38 4 IN 
1056 L B  

129 6 L B  
I09 5 IN 
82 6 IN 

l 5 2 L B  

WARE c 9 ,  W KIOOE ENGlN 

CONCEPT II 

24 8 L B  

0' TO 100°F 
4 LB/FT3 
3 0 IN 
ELECTRICAL (219 WHI 
NONE 

50° TO 125'F 
4 0 L W F T 3  
0 4 IN 
ELECTRIC I1763 RW 
NONE 

1 
73 L B  
17.620 LB-SEC 
1325 L B  
PBAP/AL 
288 SEC 
19.2 IN. 

8 I 4  PITCH/%AW, 4 ROLLI 
31 8 L B  
320 L B 4 E C  
7 6 L B  P/U. 0 5 L B  R 
N2 
72 5 SEC 

3 
214 L B  
19,000 L B  SEC 
32510 68 L B  
N2N4 
30 
233 5 SEC 

MODIFIED RINGSAIL 

31 7 F T  
40 1 L B  
a771 LO 
0487 SLUGS FT2 

TITANIUM SINGLE FACED 
LOHUTUOIHALLV CORRU 
GATED CONIC SHELL 6 A 
REINFORCED PLASTIC 
SANOWICH NOSE ASSEMBLI 
120' SPHERE CONE 
91 2 L B  
10 9 F T  
2 7 3 F T  

HAROENEOCOMPACTEO 
FIBERS (HCF) OF ALUMINC 

SILICATE. 25 LB/FT3 
MCOONNELL S-2OT. 20 LB, 
FT3 FOAMED SILICONE IN 
HONEY COMB 
COATED SILICA CLOTH, 
0 1 LB/FT? ,l3,4 ld 
HT-424 
82 8 L B  

6371N 
I O  IN 
43 7 IN 
128 4 L B  

114 0 L B  
13831N 
87 2 I N  

16 2 L B  

CONCEPT 111 CONCEPT V 

49 6 L B  4 2 1  L B  

Oo TO 100°F 
4 LB/FT3 
3 0 IN 
ISOTOPE 112 5 W) 
NONE 

M' TO 125OF 
4 0 LB/FT3 
0 4 IN 

0' TO 10O0F 
4 LB/FT3 
3 0 1 N  
ISOTOPE I10 W l  
NONE 

50' TO 125'F 
4 0 LB/FT3 
0 4 IN 

1 
8 0 7 L B  
19.600 LB-SEC 
1420 L B  

288 SEC 
19 9 IN 

PBAP/AL 

' i 6 2 L B  
16.060 LB.SEC 
1244 L B  
PBAP/AL 
288 SEC 
18.5 IN. 

8 (4 PITCH/YAW. 4 ROLL) 
3 2 6 L B  31 2 L B  
330 L 8  SEC 315 LB.SEC 
7 7  L B  P/Y. 0 5 L B  R 

N2 N2 
72 5 SEC 

3 3 
229 L B  208 L B  
21,100 LB-SEC 18,200 L B  SEC 
354 TO 75 L B  
N2N4 N2H4 
30 30 
233 S SEC 

MODIFIED RINGSAIL MODIFIED RINGSAIL 

3 4 O F T  31 5 FT 
45 5 L B  3 9 0 L B  
975 L E  853 L B  
0474 SLUGS F T 2  

8 (4 PITCH/YAW, 4 ROLLI 

7 5 L B  P h .  0 5 L B  R 

72 5 SEC 

252 TO 66 L B  

233 5 SEC 

o m  SLUGS F T ~  

TITANIUM SINGLE-FACE0 TITANIUM SINGLE.FACE0 
LONGITUOINALLY CORRU LDNGITUOINALLY CORRU 
GATED CONIC SHELL 6 A GATED CONIC SHELL 6 A 
REINFORCED PLASTIC REINFORCED PLASTIC 
SANDWICH NOSE ASSEMBLY SANOWICN NOSE ASSEMBL 
120' SPHERE-CONE 120° SPHEREEOHE 
102 2 L B  54 1 L B  
11 4E F T  8 83 F T  
287 F T  2 2 1  F T  

HAROENEOCOMPACTED HAROENEOCOMPACTEO 
FIBERS (HCF) OF ALUMINO FIBERS (NCF) OF ALUMINI 

MCOONNELL S-20T. 20 LB/ MCOONNELL S-20T. 20 LE 
FT3 FOAMED SILICONE IN FT3 FOAMED SILICONE I N  
NON EYCOMB HONEYCOMB 
COATED SILICA CLOTN. COATCD SILICA CLOTN. 
0 1 LB/FT2 , 14.6 L B  0 1 LB/FT2 , 11.6 L B  
HT-424 HT-424 
90 9 L B  60 9 L B  

SILICATE, 25 LB/FT3 SILICATE, 25 LB/FT3 

66 3 I N  M 8 1 N  
IO IN 10 I N  
45 4 IN 39 1 I N  
138 6 L B  111  I L B  

190 0 L B  
1#531N 
90 0 IN 

132.1 L B  
10951N 
84.85 IN 

1 7 3 1 8  158 L B  
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and c o s t  e f f i c i ency .  

systems does n o t  proceed promptly, a l i q u i d  propuls ion  system us ing  components 

common wi th  t h e  t e rmina l  propuls ion  system can be incorporated.  Although t h i s  

would reduce t h e  t o t a l  c o s t  of t h e  propuls ion  elements,  t h e  weight p e n a l t i e s  

incur red  would i n c r e a s e  t h e  s i z e  and c o s t  of o t h e r  systems and r e s u l t  i n  a 

n e t  c o s t  i n c r e a s e  f o r  t h e  t o t a l  capsule .  

If t h e  development of s t e r i l i z a b l e  s o l i d  p r o p e l l a n t  

The p r o b a b i l i t y  of mission success  f o r  each of t h e s e  concepts depends on 

t h e  r e l i a b i l i t y  of t h e  equipment t o  perform i n  t h e  des ign  environments and t h e  

capsu le ' s  i n v u l n e r a b i l i t y  t o  off-nominal condi t ions  which may b e  encountered. 

These conceptual  designs do n o t  inc lude  redundant components. 

approach w a s  s e l e c t e d  t o  f a c i l i t a t e  concept comparison and t o  u l t i m a t e l y  a s s u r e  

t h e  most e f f i c i e n t  approach t o  provide  a high r e l i a b i l i t y  capsule.  

a similar approach f o r  t h e  VOYAGER Capsule Phase B design ( see  NASA/CR 89672), 

i t  was determined t h a t  a gross  weight i nc rease  of 73 l b s  f o r  redundant compon- 

e n t s  increased  r e l i a b i l i t y  f o r  performing a l l  func t ions  t o  .71. A similar 

r e l i a b i l i t y  could be obta ined  f o r  t h e s e  f o u r  conceptual  des igns  by adding t h e  

redundant components l i s t e d  i n  Table 1.6-4. 

creased by these a d d i t i o n s  and by t h e  weight requi red  f o r  t h e  d e l i v e r y  of t h e s e  

a d d i t i o n a l  components. I n  Concepts I1 and I11 t h i s  would r e q u i r e  a small in- 

crease i n  capsule  diameter.  I n  Concepts I and V t h e  8.83 f t  diameter  is suf-  

f i c i e n t  t o  accornodate t h i s  a d d i t i o n a l  weight.  

This  design 

I n  us ing  
-a 

The capsule  weight would b e  in- 

The s e n s i t i v i t y  of mission success  p r o b a b i l i t y  t o  t h e  environment i s  

d i f f e r e n t  f o r  each concept. Concepts I and V are designed t o  a less-than- 

nominally-severe environment. I f  any of t h e  extremes of t h e  nominal environment 

is encountered, p r o b a b i l i t y  of mission success  is  reduced. However, s i n c e  many 

capsule  systems are designed f o r  a combination of worst  condi t ions ,  t h e  v io la -  

t i o n  of any s i n g l e  l i m i t  may be t o l e r a b l e .  

cel ls  f o r  power, and they are s u s c e p t i b l e  t o  environmental  degradat ion,  

Table  1.6-5 p re sen t s  t h e  environment s e n s i t i v i t i e s  f o r  each concept 

Concepts I11 and V u t i l i z e  s o l a r  

Configurat ion and weight d i s t r i b u t i o n  of Concept V, a 1300 l b  capsule  

wi th  extended l ifetime, are shown i n  F igure  1.6-1 and Table  1.6-6 r e spec t ive ly .  

I n  t h i s  conf igu ra t ion ,  t h e  a e r o s h e l l  diameter i s  106 inches,  and t h e  weight a t  

e n t r y  is  1050 l b ;  t h i s  r e s u l t s  i n  a b a l l i s t i c  parameter of .35 s l u g / f t 2  and 
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TABLE 1.6-5 
~ A P S ~ ~ ~  S ~ N S I ~ J V I ~ Y  T 

DESIGN CONCEPT I 
ENVIRONMENT 
ENCOUNTERED 

'1 SURFACE TEMPERATURI 
lW0K 

DESltW CONCEPT V DESIGN CONCEPT 111 

MISSION TIME WILL BE RE- 
OUCEDDUETOEARLY 
DEPLETlOW OF BATTERY 
EWERGT. QUAWTITY OF 
DATA RECEIVED MAY BE 

TROL SYSTEM MAY BE 
MAUCINAL. 

REDUCED. THERMAL CON- 

REDUCED MISSION TIYE 
DUE TOEARLY BATTERY 
ENERGY DEPLETION. 
THERMAL CONTROL S Y L  
TEM MAY BE MARGINAL. 

NONE ONE DIURNAL CYCLE 
OF OPERATION, I F  
lSOoU I S  ENCOUNTER. 
ED, CAN BE ACHIEVED 
WITHnltT COMPROMIS. . . .,-" , 
ING THE BASIC MISSION 
PROFILE. MISSION EX-  
TENSION BEYOND ONE 
DAY OF 15O0K MAY BE 
POSSIBLE I F  THE MIS- 
SION PROFILE IS 
ALTERED. 

17pKTO 32PK 
(CYCLIC DAY) HONE - 

NONE 

NOHE 

NONE NONE WOW€ 

NONE 

CWUNICATIONS TO 

STRICTED DUE TO 
SHORTER VIEW TIMES. 

0RI)ITER MAY BE RE- 

'1 SURFACE SLOPES 
200 

340 
HONE 

NOM E 

NONE 

~ ~ ~ U N I ~ A T I ~ S  TO 
ORBITER MAY BE RE- 
STRICTED DUE TO SMORTER 
VIEW TIMES. SOLAR PANEL 
PERFORM~CEMAY BE 
REDUCED. --+---- I) SURFACE WINDS 

I18 F T R  EC 
220 FTAEC 

NONE 

#ONE I W O N €  
TERMINAL PROPULSION 
MAY BE MARGINAL IN PRO. 
VlOlNG THE REQUIRED 
THRUST LEVEL. MAIN- 
TAINING RADAR LOCK MAY 
BE MARGINAL DUE TO EX. 
CESSIVE CAPSULE 
ATTITUDES. 

WON E 
TERMlNAL PROPULSIOW MAY 
BE MARGINAL IN PROVIDING 
THE REQUIRED THRUST 
LEVEL. MAINTAINIWG RADAR 

DUE TO EXCESSIVE CAPSULI 
ATTITUDES. 

1) SCALE MEIGHT 
8KM TO 14 101 
S K M  TO 14 K M  

NONE 
FOR SCALE MEIGMT LESS 

PERICNCED BY PARACHUTE 
MAY EXCEED DESIGN LIMITS. 

THAN 8 K M  THE LOADS EX. 

NONE 
FOR SCALE HEIWT LESS 
THAN 8 KM THE LDADS 

CHUTE MAY EXCEED 
DESIGN LIMITS. 

EXPERIENCED BY PARA- 

5) ATMOSfNERIC 
PRESSURE 
I M B  TO20MB 

I) CLOUD5 
NONE NONE 

WUHE SOLAR PANEL PERFORM 
AMCE MAY BE MARGIWAL 
ORDEtRAOEDDlJETO 
ATMO%PHERIC ATTEWU- 

DErOUTS Qx SOLAR 
PANELS MAY CAUSE DE- 
GUADED ~ E R ~ O R M A N C ~  
OF SOLAR SELLS. RE- 
CEIVED DATA MAY BE 

SOLAR PANEL PERFORM 

DEGRADED DUE TO 
ATMOSPM ERI C A TT EMU AT1 Oh 
RECEIVED DATA MAY BE 
REDUCED. - 

NUHE DUST HONE DEPOSITS ON SOLAR PANELS 
MAY CAUSE O E ~ R ~ E D  PER- 

RECEIVED DATA MAY BE 
ReDUt ED. 
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FLIGHT CAPSULE 
GENERAL ARRANGEMENT 

CONCEPT V 

- 78 00 DIA -' 
I SPHERICAL R 

- 53.20 

I I 'I 

i 109.50 DIA _ I  

65.40 
SPHERICAL R 

CANISTER 
CON F I GU RAT ION 

CAPSULE ADAPTER 

,-- AFT CANISTER 

I 

'FWD CANISTER 

FLIGHT CAPSULE 
CON F IGU RA TlON 

/ DE.OR3IT MOTOR 
106 00 DlA -A/- 

- PEROSHELL 

CAPSULE 
CON F I GU R A T  I ON 

STER 

SURFACE PAYLOAD 

1 i A N D  ER 

LANDER 
CONFIGURATION 

FIGURE 1.6-1 
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TABLE 1.6-6 _- - 
CONCEPT V WEIGHT SUMMARY 

ST ER IL IZATION CANISTER 
ADAPTER 
DEORBIT PROPULSION 

PROPELLANT 
INERT MOTOR 
MI SCE LL AN EOUS 

STRUCTURE 
HEAT SHIELD 

STRUCTURE 
INTERNAL 

AEROSHELL 

ADAPTER SEPARATION PROVISIONS 
LANDER SEPARATION PROVISIONS 

LANDING SYSTEM 
SURFACE PAYLOAD 

THERMALCONTROL 
CAN IST E R 
AEROSHELL 
THERMAL CURTAIN 

LANDER 
SURFACE PAYLOAD 

ATTITUDE CONTROL SYSTEM 
FLIGHT CONTROL SYSTEM 

PROPELLANT 
HARDWARE AND MOUNTING PROVISIONS 
WIRING 

RADAR 
GUIDANCE SYSTEM 
WlRlNG AND MOUNTING PROVISIONS 

ELECTRONICS 

PARACHUTE 
CLOTH AND LINES 
DEPLOYMENT, ATTACH, AND MISC. 

PROPELLANT 
GAS( P RESSUR ANT) 
HARDWARE AND MOUNTING PROVISIONS 
WIRING 

EQU IPMEN T 
WlRlNG AND MOUNTING PROVISIONS 

EQUIPMENT 
WIRING AND MOUNTING PROVISIONS 

EQUIPMENT 
WIRING AND MOUNTING PROVISIONS 

TE RMlNAL PROPULSION 

POWERfASEQUENCER 

TELECOMMUNICATIONS (INCL. INSTRUMENTATION) 

SCIENCE 

. ._ _. 

TOTAL CAPSULE WEIGHT 
SEPARATED CAPSULE WEIGHT' 
ENTRY WEIGHT 
DECELERATOR LOAD 
LANDED WEtGHT 
SURFACE PAYLOAD WEIGHT 

OTES: (1) USED EXISTING HARDWARE 

POINT DESfGN 

132 
16 

((74)) 
56 
10 
a 

((1 15)) 
54 
61 

(( 160)) 
(19) 
9 
10 

1 1 1  
30 

(( 102) 1 
19 
3 
12 
25 
43 

(( 156)) 
(36) 
4 
27 
5 

( 120) 
57 
37 
26 

((39) 1 
23 
16 

((214)) 
a4 

1 

6 
((141)) 
109 
32 

((97)) 
73 (2) 
24 

((69)) 
53 
16 

1315 
1138 
1069 

123 (1) 

a79 
75 a 
244 

(2) EQUIPMENT INTEGRATED - SPECIFIC DATA REQUIREMENTS RE-EVALUATED. 
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a Mach 1.73 parachute  deployment a t  t h e  nominal deployment a l t i t u d e  of 

23 000 f e e t .  

shows t h e  loca t ion  of equipment i n  t h e  a e r o s h e l l  and c a n i s t e r .  

t h e  lander  equipment i s  shown i n  Figure 1.6-3. 

The Concept V i n t e r i o r  arrangement presented i n  Figure 1.6-2 

Location of 
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FLIGHT CAPSULE INTERIOR ARRANGEMENT 

CONCEPT V 

RADAR ELECTRONIC ASSEMBLY 

PYROTECHNIC CONTROL MODULE 
ELECTRC EXPLOSIVE DEVICE 
CONTROL ASSEMBLY 

S-BAND ANTENNA 

UHF ANTENNA 

UHF TRANSMITTER 

COMPUTER AND 
POWER SUPPLY 
GUIDANCE 8 CONTROL) 

POWER MODULE 
SWITCHING AND LOGIC 
BATTERY TELEMETRY MODULE 

REAC 

SURFACE PAYLOAD 

THERMAL CURTAIN - 
STERILIZATION CANISTER AFT 

PARACHUTE CANISTER 

POWER CONTROL UNIT 
DATA DE-ORBIT PROPULSION 

:TION CONTROL 

 TERMINAL 
PROPULSION 

LANDER ASSEMBLY-& AEROSHELL ASSEMBLY 
LANDING ANTENNA MULTI-LAY ER INSULATION 
ASSEMBLY (RADAR) BLANK ET 

PRESSURE AND TEMPERATURE \-STERILIZATION CANISTER FWD 
SENSOR PORT 

FIGURE 1.6-2 
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SOLAR 

LANDERGENERAL ARRANGEMENT 

CONCEPT V 

S-BAND ANTENNA 

AL PHA-SP ECTROM ET ER 

UHF ANTENNA 

SURFACE PAYLOAD 

RING STRUCTURE 

ALPHA-SP ECTROMET ER 
(DE PLOY ED) 7 

TERMINAL 
P ROP ULSl ON ATMOSPH E R E SEN SORS 

FACSIMILE CAMERA 

FACSIMILE CAMERA 

FACSIMILE CAMERA 
(HIGH RESOLUTION) PR ESSURANT TANK 

BASE PLATFORM 

LANDING ANTENNA ASSEMBLY (RADAR) 

FIGURE 1.6-3 
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